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INTRODUCTION 

The Ceramic ! . la ter ia ls  Research Program a t  t h e  Un ive r s i ty  o f  Kashington 
w a s  e s t a b l i s h e d  June 1, 1963,  under Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  
Grant  ilumber NsG-484. The p r i n c i p a l  purposes  of t h e  g r a n t  are t o  encourage 
m u l t i d i s c i p l i n a r y  r e s e a r c h  upon t h e  na tu re  and p r o p e r t i e s  of ceramic materials 
and t o  assist t h i s  i n s t i t u t i o n  i n  t h e  development of an  endur ing  r e s e a r c h  
c a p a b i l i t y  i n  ceramics and ceramic engineer ing .  The funds are,  t h e r e f o r e ,  used 
t o  make f i n a n c i a l  suppor t  a v a i l a b l e  f o r  r e s e a r c h  on ceramic materials conducted 
by menhers of t h e  U n i v e r s i t y  f a c u l t y  and t o  purchase  such items of c a p i t a l  
equipment as are deemed d e s i r a b l e  f o r  t h e  implementat ion o f  t h e  s t a t e d  purposes .  

The program, planned t o  s tudy t h e  effects  of v a r i o u s  energy envi ron-  
ments upon ceramic materials, is d iv ided  i n t o  s e v e r a l  b road  r e s e a r c h  areas, 
namely; chemical ,  s u r f a c e  phenomena, s o l i d  s t a t e  ceramics and p rocess ing .  The 
r e s e a r c h  program i s  planned and coord ina ted  by t h e  Ceramic Materials Research 
Committee, t h e  membership of which i s  appo in ted  by t h e  Dean of  t h e  Graduate  
Sch3s i .  The c u r r e n t  merhership inc ludes  James I .  Mueller ,  Ceramic Engineer ing  , 
Chairman and P r i n c i p a l  I n v e s t i g a t o r ;  J .  Gregory Dash, Phys ic s ;  John L. Bjorkstam, 
E lec t r ica l  Engineer ing;  0. J .  Whittemore, Jr., Ceramic Engineer ing;  and Barry D. 
Licnter,  M e t a l l u r g i c a l  Engineer ing .  Adminis t ra t ion  o f  t h e  program is coord ina ted  
by a board  c o n s i s t i n g  cf E .  C. L i n g a f e l t e r ,  Associate Dean of t h e  Graduate 
School ,  Chairman; H .  Myron Swarm, Acting Assoc ia t e  Dean, Col lege  o f  Engineer ing;  
D .  A .  P i f e r ,  Director of t h e  School  of Mineral  Engineer ing  and James I .  Muel le r ,  
P r i n c i p a l  I n v e s t i g a t o r .  

4 
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GENERAL PROGRAf4 REPORT 

This  i s  t h e  n i n t h  semiannual s t a t u s  r e p o r t  and cove r s  t h e  first h a l f  
of t h e  f i f t h  y e a r  of o p e r a t i o n  under t h i s  g r a n t .  During t h e  r e p o r t  p e r i o d ,  a 
t o t a l  of twenty-s ix  p r o j e c t s  were superv ised  by n i n e t e e n  f a c u l t y  members i n  s i x  
academic d i s c i p l i n e s  of t h e  Univers i ty .  
t o  r e s e a r c h  areas and t o  t h e  number of i n d i v i d u a l s  r e c e i v i n g  suppor t  w i l l  b e  
found i n  Appendix A .  

A table r e l a t i n g  academic departments  

The Ceramic Materials Research Seminar,  a p e r i o d  devoted t o  d i s c u s s i o n s  
of concepts  and r e sea rch  of i n t e r e s t  t o  t h e  program, met f o r  a t o t a l  of t h i r t e e n  
s e s s i o n s  du r ing  t h e  p a s t  s i x  months. 
s t u d e n t s ,  t h r e e  Un ive r s i ty  f a c u l t y  members and s i x  v i s i t o r s .  The l a t t e r  
inc luded  D r .  James C. Kemp, Un ive r s i ty  of Oregon; D r .  M .  Meshii ,  Northwestern 
U n i v e r s i t y ;  Mr. S. W .  B r a d s t r e e t ,  Technica l  Consu l t an t ;  D r .  Ar thur  H .  Heuer, 
Case I n s t i t u t e  of Technology; D r .  S. M .  Copley, P r a t t  4 Whitney Aircraft; and 
Mr. F e r r a l  L y t l e ,  The Boeing Company. 

The s p e a k e r s  i nc luded  f o u r  g radua te  

The d i s c u s s i o n  group program cont inued  as t h o s e  f a c u l t y  members and 
g r a d u a t e  s t u d e n t s  s t u d y i n g  t h e  s o l i d  s ta te  a s p e c t s  of ceramic m a t e r i a l s  he ld  
bi-weekly meet ings t o  d i s c u s s  research  areas o f  mutual  i n t e r e s t  and t h e  chemical  
group con t inued  t h e i r  d i s c u s s i o n  of r e sea rch  on t h e  zirconium-oxygen-carbon 
system. The program suppor ted  t h e  a t tendance  o f  e i g h t  f a c u l t y  members t o  a 
t o t a l  of t h r e e  t e c h n i c a l  meetings a t  which f o u r  pape r s  based upon work suppor t ed  
by t h e  g r a n t  were p resen ted .  
suppor t ed  wholly o r  i n  p a r t  Sy t h e  gran t  are l i s t e d  wi th  t h e  i n d i v i d u a l  s t a t u s  
r e p o r t s  and i n  Appendix D. 

Papers  pub l i shed  or  p r e s e n t e d  r e s u l t i n g  from work 

Funds from t h e  g r a n t  were used t o  supplement Un ive r s i ty  suppor t  of a 
v i s i t i n g  p r o f e s s o r  du r ing  Summer Q u a r t e r .  D r .  J .  D. Mackenzie, Professor o f  
Materials Sc ience ,  Rensse laer  Poly technic  I n s t i t u t e ,  Troy, New Y o r k o f f e r e d  
a four-week, t h r e e  c r e d i t  cou r se  during t h e  "b" term o f  Summer Q u a r t e r  
e n t i t l e d  " S t r u c t u r e s  and P r o p e r t i e s  of Glass." 
d i f f e r e n t  departments  were e n r o l l e d .  

A t o t a l  of twenty-two from f o u r  

D r .  William M .  Z i n i k e r  was added t o  t h e  Ceramic Engineer ing  s ta f f  as 
S e n i o r  Research Assoc ia te  t o  r e p l a c e  Dr. James D. Siegwarth who l e f t  t h e  
U n i v e r s i t y  t o  accep t  employment wi th  t h e  Na t iona l  Bureau of S tandards .  D r .  
Z i n i k e r  r e c e i v e d  h i s  d o c t o r a t e  i n  Physics  from t h e  Un ive r s i ty  of Oregon i n  
August 1967. D r .  Alan D.  Miller, having completed t h e  requi rements  f o r  h i s  
d o c t o r a t e  i n  Ceramic Engineer ing  i n  August 1967, was appo in ted  a Research Assist- 
a n t  P r o f e s s o r  i n  Ceramic Engineer ing  i n  September 1967. 

Two new p r o j e c t s  were i n i t i a t e d  du r ing  t h e  r e p o r t  p e r i o d ,  one under  
t h e  s u p e r v i s i o n  of P r o f e s s o r  E .  C .  L i n g a f e l t e r  of t h e  Department of Chemistry,  
and t h e  o t h e r ,  under t h e  guidance of P ro fes so r  Col in  Sandwith of Mechanical 
Engineer ing .  Seve ra l  items of  c a p i t a l  equipment were r e c e i v e d  du r ing  t h e  p a s t  
s i x  months. 
P h i l i p s  x-ray vacuum spec tograph ,  i nc lud ing  a goniometer ,  x-ray g e n e r a t o r  and 

These inc lude  an Aminco surface area measurement a p p a r a t u s ,  a 

c o n t r o l s .  0 
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Continuing ou r  e f f o r t s  t o  develop b e t t e r  communication between person-  
n e l  i n  t h i s  program and i n d i v i d u a l s  ou t s ide  t h e  Un ive r s i ty  having s imilar  r e sea rch  
i n t e r e s t s ,  a number of  t h e  l a t t e r  were i n v i t e d  t o  a t t e n d  t h e  annual  Autumn Program 
Review. In  a d d i t i o n  t o  t h e  t e c h n i c a l  monitor  from NASA, a t o t a l  o f  s i x t e e n  
v i s i t o r s  a t t ended  a b r i e f i n g  by research  s u p e r v i s o r s  and v i s i t e d  r e sea rch  l abora -  
t o r i e s  t o  exchange informat ion  wi th  our pe r sonne l .  A more d e t a i l e d  r e p o r t  is 
inc luded  as Appendix E .  Where a similar e f f o r t  las t  y e a r  r e s u l t e d  i n  an exchange 
o f  seminar  speakers  wi th  Tekt ronix  Corporat ion,  t h i s  y e a r ' s  program has  a l r e a d y  
made i ts  effects  mani fes t  i n  t h a t  an exchange seminar  has  been ar ranged  w i t h  t h e  
Bat te l le -Nor thwes t  Labora to r i e s  i n  Richland, Washington, Details of  t h i s  w i l l  
be  g iven  i n  t h e  next  p rogres s  r e p o r t .  

0 

I n i t i a l  arrangements have a l s o  been made t o  make an  exchange wi th  
Rensse l ae r  Po ly techn ic  I n s t i t u t e .  
f a c u l t y  member w i l l  spend one-half  month a t  RPI and t h a t  an RPI staff  member 
w i l l  spend a similar p e r i o d  wi th  t h e  s t a f f  a t  t h e  Un ive r s i ty  o f  Washington. 
i n g  t h i s  p e r i o d ,  each would p r e s e n t  a series of  seminars  r e l a t i v e  t o  t h e i r  work 
a t  t h e i r  r e s p e c t i v e  i n s t i t u t i o n s  and t o  spend c o n s u l t a t i o n  time wi th  those  
members o f  t h e  f a c u l t y  and g radua te  s t u d e n t s  who have common r e s e a r c h  i n t e r e s t s .  
I n  t h i s  manner, each o f  t h e s e  two NASA suppor ted  i n s t i t u t i o n s  would be a b l e  t o  
o b t a i n  more complete,  f i r s t h a n d  knowledge of work be ing  accomplished a t  t h e  
o t h e r  u n i v e r s i t y .  

It is  planned t h a t  a Un ive r s i ty  of Washington 

Dur- 

One o f  t h e  purposes  of t h i s  g r a n t  was t o  assist i n  i n c r e a s i n g  t h e  \ 

number of g radua te  s t u d e n t s  working towards t h e  d o c t o r a t e  i n  ceramics o r  ceramic 
eng inee r ing .  
effect  upon t h e s e  graduate  enro l lments  is i n  o r d e r .  Three i n d i v i d u a l s  have 
completed t h e i r  requirements  f o r  t h e  Ph,D. i n  ceramic eng inee r ing  t o  d a t e .  
Whereas only two had e n t e r e d  t h e  doc to ra t e  program d u r i n g  t h e  first h a l f  y e a r  
under t h e  g r a n t ,  t h e r e  are twelve e n r o l l e d  a t  t h e  p r e s e n t  time. A compi la t ion  
of t h e  t o t a l  number o f  s t u d e n t s  p a r t i a l l y  o r  t o t a l l y  suppor t ed  by t h e  program 
s i n c e  i t s  i n c e p t i o n  is  given by degree l e v e l  and academic d i s c i p l i n e  i n  
Appendix F. 

The program is midway through t h e  f i f t h  y e a r  and a r e p o r t  of i t s  
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RESEARCH STAFF 

Facu l ty  Supe rv i so r s  : 

J.  L. Bjorkstam, Ph.D. 
P r o f e s s o r ,  E l e c t r i c a l  Engineer ing  

J .  G.  Dash, Ph.D. 
P r o f e s s o r ,  Phys ics  

N .  W. G r e g o q ,  Ph.D. 
P r o f e s s o r ,  Chemistry 

E. C .  L i n g a f e l t e r ,  Ph.D. 
P r o f e s s o r ,  Chemistry 

J .  I .  Mueller,  Ph.D. 
P r o f e s s o r ,  Ceramic Engineer ing  

E .  A .  S t e r n ,  Ph.D. 
P r o f e s s o r ,  Phys ics  

H .  14. Swarm, Ph.D. 
P r o f e s s o r ,  E l e c t r i c a l  Engineer ing  

B .  D .  L i c h t e r ,  Sc.D. 
Assoc ia t e  P ro fes so r ,  M e t a l l u r g i c a l  Engineer ing  

I .  C .  Peden, Ph.D. 
Assoc ia t e  P r o f e s s o r ,  Electrical  Engineer ing  

0.  J .  Whittemore, Jr . ,  M.Sc., C e r . E .  ( P r o f . )  
Assoc ia t e  P r o f e s s o r ,  Ceramic Engineer ing  

T .  J .  Archbold, Ph.D. 
A s s i s t a n t  P ro fes so r ,  M e t a l l u r g i c a l  Engineer ing  

R .  J.  Campbell, Jr., M.Sc. 
A s s i s t a n t  P ro fes so r ,  Ceramic Engineer ing  

R.  L. I n g a l l s ,  Ph.D. 
A s s i s t a n t  P ro fes so r ,  Phys ics  

Co l in  J .  Sandwith, Ph.D. 
A s s i s t a n t  P ro fes so r ,  Mechanical Engineer ing  

W .  D.  S c o t t ,  Ph.D. 
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing  

T.  G .  Stoebe,  Ph.D. 
A s s i s t a n t  P ro fes so r ,  M e t a l l u r g i c a l  Engineer ing  
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G.  W .  Toop, Ph.D. 
A s s i s t a n t  P r o f e s s o r ,  M e t a l l u r g i c a l  Engineer ing  

J .  E .  Turnbaugh, Sc.D. 
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing  

A .  D .  Miller, Ph.D. 
Research A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing  

Research Facul ty:  

W .  M .  Z i n i k e r ,  Ph.D. 
S e n i o r  Research Assoc ia t e ,  Ceramic Engineer ing  

P r e d o c t o r a l  Assoc ia t e s :  

D.  J. Calk ins ,  Ceramic Engineer ing  
M.S., Ceramic Engineering 

G .  A.  Er ickson ,  Physics 
M.S., Phys ics  

C .  A .  Hinman, Ceramic Engineer ing  
M .  S. , Ceramic Engineer ing  

D. P. Johnson, Physics 
M.S., Phys ics  

D. B .  L e i s e r ,  Ceramic Engineer ing  
B. S . , Ceramic Engineering 

H .  Y. B.  Mar, Ceramic Engineer ing  
M .  S . , Ceramic Engineering 

J .  K.  Merrow, Ceramic Engineer ing  
B.S., Ceramic Engineering 

K.  M. Nair, Ceramic Engineer ing  
M.Sc., Applied Chemistry 

R.  E .  O e t t e l ,  Electrical Engineer ing  
M .  S . , E l e c t r i c a l  Engineering 

E ,  H . Randklev, Ceramic Engineer ing  
M .  S. , Ceramic Engineering 

J .  C .  Rogers, Electrical Engineer ing  
M.S., E l e c t r i c a l  Engineer ing  

S .  K.  S a r k a r ,  Ceramic Engineer ing  
B. s . , Ceramic Engineer ing  
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J.  J ,  S i p e ,  Ceramic Engineer ing  
B.S . ,  Ceramic Engineer ing  

L. P .  S r i v a s t a v a ,  M e t a l l u r g i c a l  Engineer ing  
M.S., M e t a l l u r g i c a l  Engineer ing  

P e i  Sung, Ceramic Engineering 
M.S., M e t a l l u r g i c a l  Engineer ing  

Research A s s i s t a n t s :  

L. Annapoorni, Ceramic Engineer ing  
M.S., Phys ics  

R .  L .  B e r t o l o t t i ,  Ceramic Engineer ing  
M.S., Ceramic Engineer ing  

J .  D. Danberg, Mechanical Engineer ing  
B.S.,  Mechanical Engineering 

H .  L. Fo teda r ,  M e t a l l u r g i c a l  Engineer ing  
B.S.,  M e t a l l u r g i c a l  Engineer ing  

J . A .  Jackobs , Physics 
B.S., Phys ics  

D. N .  Lee, M e t a l l u r g i c a l  Engineer ing  
B . S. , Engineer ing  

J .  H .  Rai, Chemistry 
M.S., Chemical Engineer ing  

J .  W .  Rue, Ceramic Engineer ing  
B.S., Ceramic Engineering 

H. W .  Schimmelbusch, M e t a l l u r g i c a l  Engineer ing  
B.S., M e t a l l u r g i c a l  Engineer ing  

T .  L.  S c o t t ,  Ceramic Engineer ing  
B.S., Ceramic Engineering 

J . F. Shacke l fo rd ,  Ceramic Engineer ing  
B. S. , Ceramic Engineering 

M .  S r i n i v a s a n ,  M e t a l l u r g i c a l  Engineer ing  
B.S., M e t a l l u r g i c a l  Engineer ing  

L. P .  Torre ,  C h e m i s t r y  
B.  S . ,  Chemistry 
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Undergraduate Aides : 

C.  P. Becker, Ceramic Eng inee r ing  

A .  P.  Fasy , Ceramic Engineer ing  

S. K. Gunderson, E l e c t r i c a l  Engineer ing  

R. L. Hawks, Ceramic Engineer ing  

J .  E. Kohler,  Ceramic Engineer ing  

R.  L. Trantow, M e t a l l u r g i c a l  Engineer ing  

Support  S t a f f :  

L .  L. Miller, Of f i ce  Assistant 

D. W .  Nevin, Engineering A s s i s t a n t  

V .  V.  S t r i n g e r ,  S e c r e t a r y  

L. A .  Watson, Of f i ce  A s s i s t a n t  

T. W .  Woller,  Machinist 
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STUDIES OF THE ZIRCONIUM-OXYGEN-CARBON SYSTEM 

This  sys tem h a s  been s e l e c t e d  as t h e  subject of a g e n e r a l  s tudy  of t h e  
effects of t h e  chemical  environment upon ceramic materials. 
f a c u l t y  members from va r ious  d i s c i p l i n e s  are p a r t i c i p a t i n g  i n  a coord ina ted  
s t u d y  t o  o b t a i n  b a s i c  knowledge r ega rd ing  t h i s  system. 

S e v e r a l  

GAS-SOLID EQUILIBRIUM 

James I. Mueller  
P ro fes so r ,  Ceramic Engineer ing  

The composi t ion and p res su re  o f  t h e  gaseous phase ( s1  a s s o c i a t e d  wi th  
t h e  s o l i d  phases  a t  va r ious  tempera tures  m a t e r i a l l y  affects t h e  e q u i l i b r i u m  
of a system. It  is t h e  purpose of t h i s  r e s e a r c h  t o  s tudy  t h e  effects  of  
t h e s e  v a r i a b l e s  upon t h e  Zr-0-C system. 

Thermochemical Study of Zirconium Oxy-Carbide 

A. D. Miller 
P r e d o c t o r a l  Associate, Ceramic Engineer ing ( June  16 t o  September 11) 
Ph . D. Thes i s  Research 

The i n i t i a l  p o r t i o n  of t h i s  p r o j e c t  was completed d u r i n g  t h e  r e p o r t i n g  0 
p e r i o d  wi th  t h e  fo l lowing  r e s u l t s .  

The e l e c t r o n i c  band s t r u c t u r e s  of a series of  composi t ions cor responding  t o  
oxygen s o l u t i o n  i n  t h e  Z r C  l a t t i c e  were c a l c u l a t e d  u s i n g  a modif ied t i g h t - b i n d i n g  
approach.  The parameters  necessary  f o r  t h e  c a l c u l a t i o n  were e s t i m a t e d  from known 
va lues  f o r  similar materials. The band s t r u c t u r e s  i n d i c a t e  t h a t  composi t ions wi th  
up t o  50 p e r c e n t  oxygen s u b s t i t u t i o n  f o r  carbon i n  t h e  l a t t i ce  remain metal l ic  
conductors .  A c a l c u l a t i o n  of t h e  r e l a t i v e  cohes ive  energy as a f u n c t i o n  o f  
composi t ion  shows a minimum n e a r  35 pe rcen t  oxygen s u b s t i t u t i o n .  
s u p p o r t s  t h e  presence  of a t e r n a r y  compound i n  t h e  system. 

Th i s  behav io r  

An expe r imen ta l  s tudy  of t h e  ox ida t ion  o f  Z r C  was conducted wi th  oxygen 
p a r t i a l  p r e s s u r e s  between atmospheres and 10-1 atmospheres and a t  temp- 
e r a t u r e s  between l l O O ° C  and 155OOC. Two carbon monoxide p r e s s u r e s  were used ,  
one atmosphere and 0.033 atmospheres.  The s t u d y  d i d  n o t  y i e l d  any in fo rma t ion  
as t o  t h e  e x i s t e n c e  of t h e  compound Z r 2 C O .  The r e s u l t s  d i d ,  however, i n d i c a t e  
very  l o w  s o l u b i l i t i e s  of carbon i n  Zr02 and l i m i t e d ,  i f  any,  oxygen s o l u b i l i t y  
i n  Z r C  under t h e s e  cond i t ions .  

Alan D. Miller r ece ived  a Ph,D. i n  Ceramic Engineer ing ,  December 1967.  
Thes i s  t i t l e :  " E l e c t r o n i c  Band S t r u c t u r e  and Oxygen P o t e n t i a l  i n  t h e  Z r - C - 0  
System. I t  
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S t u d i e s  o f  t h e  Zirconium Dioxide-Carbon Reac t ion  

S. K.  S a r k a r  
P r e d o c t o r a l  Associate, Ceramic Engineer ing ( June  16 t o  September 30)  
Ph.D. Thes i s  Research 

Previous  'work h a s  i n d i c a t e d  t h e  evidence of a condensed phase,  t e n t a t i v e l y  
i d e n t i f i e d  as Zr00.5C0.5. 
a d d i t i o n a l  i n fo rma t ion  upon t h e  na tu re  o f  t h e  r e a c t i o n s  involved ,  and (21, t o  
make i n i t i a l  c h a r a c t e r i z a t i o n  of t h e  material. 

The purpose of t h e  con t inu ing  s tudy  is :  (1) t o  o b t a i n  

S t u d i e s  t o  determine t h e  i n i t i a l  requi rements  of t h e  r e a c t i o n  i n d i c a t e  t h a t ,  
i n  a carbon tube fu rnace  under 
phase is  produced a t  tempera tures  less t h a n  15OOOC. 
o t h e r  t h a n  Z r C  h a s  been i d e n t i f i e d  a t  r e a c t i o n  tempera tures  between 150OOC and 
1900OC. 
o r  a carbonized  tan ta lum sample ho lde r - r e s i s t ance  e lements  has  r e s u l t e d  i n  t h e  
format ion  of a t an ta lum z i r c o n a t e .  
effects  of lower vacuum or  h i g h e r  carbon c o n t e n t  i n  t h e  i n i t i a l  mix ture  on t h e  
format ion  o f  z i rconium oxy-carbide.  
used as a h e a t i n g  element  and a much lower vacuum main ta ined  i n  t h e  system, t h e  
h e a t i n g  element  burned o u t  a t  18OOOC a f t e r  one o r  two hour s ,  so t h e  s tudy  could  
n o t  be cont inued .  
found t o  be  formed a t  180OOC and Torr .  

Torr vacuum, none of t h e  proposed t e r n a r y  
A face-centered  cub ic  phase 

Work wi th  t h e  high temperature  x-ray furnace  u s i n g  e i t h e r  a t an ta lum 

Attempts have been made t o  determine t h e  

When t an ta lum o r  carbonized  tan ta lum was 

When carbon content  i n  t h e  mixture  was i n c r e a s e d ,  on ly  Z r C  was 

Some work has  been done us ing  d i f f e r e n t  CO p r e s s u r e s  i n  t h e  g r a p h i t e  tube 
furnace .  The l a t t i c e  parameter  was found t o  be 4.673 f .002 A a t  d i f f e r e n t  CO 
p r e s s u r e s .  Some of t h e  oxy-carbide so formed has  been mixed with a d d i t i o n a l  
amounts o f  carbon and hea ted  t o  18OOOC for  t h r e e  t o  f o u r  hours  i n  t h e  carbon 
h e a t i n g  element  furnace .  No change i n  t h e  l a t t i ce  parameter  o f  t h e  oxy-carbide 
was observed.  Repeated e f f o r t s  have been made, and are cont inuing ,  t o  s tudy  t h e  
effect  of CO p r e s s u r e  on t h e  k i n e t i c s  of oxy-carbide format ion .  
t r e n d  has y e t  been found. 
amount of oxy-carbide fo r  a given t ime,  tempera ture  and i n i t i a l  composi t ion o f  
t h e  mixture .  

0 

No d e f i n i t e  
The r e s u l t s  o b t a i n e d  are q u i t e  random r e l a t i v e  t o  t h e  
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In f luence  of  Oxygen A c t i v i t y  on t h e  S t r u c t u r e  of Zirconium Oxide 

K. M.  Nair 
P r e d o c t o r a l  Assoc ia te ,  Ceramic Engineer ing (June 16 t o  December 15) 
Ph . D. Thes i s  Research 

The purpose of  t h i s  s tudy  is  t h e  de t e rmina t ion  of  t h e  effects  of  low oxygen 
p a r t i a l  p r e s s u r e  a t  high tempera ture  upon t h e  s t a b i l i t y  of Z r 0 2 .  
t o  s tudy  t h e  p o s s i b l e  e x i s t e n c e  of lower oxides  o f  z i rconium, t h e i r  dependence 
upon oxygen a c t i v i t y  and tempera ture ,  and t h e  i n f l u e n c e  of t h e  format ion  of such 
an oxide  upon t h e  formation of a t e r n a r y  compound i n  t h e  Zr-0-C system. 

I t  is planned 

No stable oxides  of zirconium lower than  Z r 0 2  have been observed i n  t h e  
e q u i l i b r i u m  s tudy  o f  Zr-0 systems f o r  tempera tures  ranging  between 7 O O O C  and 
16OOOC and oxygen p a r t i a l  p r e s s u r e s  of range l o g  oxygen p r e s s u r e  = and 
log oxygen p r e s s u r e  = 
' 'ZrO2' '  v a r i e d  from black  through shades o f  gray t o  whi te  wi th  i n c r e a s i n g  oxygen 
p r e s s u r e s .  These "black oxides"  changed t o  a whi te  c o l o r  when hea ted  i n  a i r  o r  
oxygen. Precise s tudy  of  d i f f r a c t i o n  l i n e  i n t e n s i t i e s  and d-spacings a t  h i g h e r  
ang le s  of t h e  x-ray powder d i f f r a c t i o n  p a t t e r n s  have n o t  shown any measureable 
changes wi th  v a r i a t i o n  o f  oxygen par t ia l  p r e s s u r e .  Non-equilibrium s tudy  of Zr-0 
systems has  g iven  an oxide whose composition t e n t a t i v e l y  has  been i d e n t i f i e d  as 
"ZrO."  The ZnS striict:ire of  t h i s  m a t e r i a l  has  a l a t t i ce  parameter  ( a  1 e q u a l  t o  
3.8956% and,  i f  u n s t a b l e ,  w i l l  d i s p r o p o r t i o n a t e  as 2"ZrO" + Z r O 2  + "Z?". 

I t  has  been observed,  however, t h a t  t h e  c o l o r  of 

Thermodynamic c a l c u l a t i o n s  are underway t o  relate t h e  a c t i v i t y  of t h i s  a f i n e l y  d i s p e r s e d  " Z r "  i n  Z r 0 2  l a t t i c e  which, hope fu l ly ,  w i l l  l e a d  t o  an 
exp lana t ion  f o r  t h e  c o l o r  of  t h e  so -ca l l ed  d e f e c t  z i r c o n i a .  



11 

B O N D I N G  I N  INTERSTITIAL COMPOUNDS 

Alan D. Miller 
Research A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing  

A b e t t e r  unders tanding  of  e l e c t r o n i c  bonding i n  i n t e r s t i t i a l  com- 
pounds is sought  by t h i s  s tudy .  

U l t r a - s o f t  X-ray Emission S t u d i e s  

James W .  Rue 
Research A s s i s t a n t ,  Ceramic Engineering (September 16 t o  December 1 5 )  
M.S. Thes is  Research 

The purpose of t h e  s tudy  is  t o  provide exper imenta l  d a t a  concerning 
e l e c t r o n i c  e n e r g i e s  i n  t h e  zirconium-carbon-oxygen composi t ions whose band 
s t r u c t u r e s  were p rev ious ly  e s t ima ted .  
t h e  u l t r a - s o f t  x-ray emission s p e c t r a  of  carbon,  oxygen and zirconium as e m i t t e d  
from composi t ions under  cons ide ra t ion .  

This  d a t a  w i l l  be genera ted  by observ ing  

A vacuum x-ray spec t rograph  has  been procured and t h e  necessary  modif ica-  
The windowless gas- type x-ray tube  necessary  f o r  t i o n s  are be ing  c a r r i e d  out .  

e x c i t a t i o n  i s  be ing  designed and w i l l  be  f a b r i c a t e d  i n  ou r  own shops.  
c u r r e n t l y ,  e x t e n s i v e  r e sea rch  i n t o  the  l i t e r a t u r e  i s  be ing  c a r r i e d  ou t .  

Con- 
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0 SOLID-SOLID EQUILIBRIUM 

N .  W. Gregory 
P r o f e s s o r ,  Department o f  Chemistry 

A thermodynamic and k i n e t i c  s tudy  of chemical  r e a c t i o n s  i n  oxide-  
ca rb ide -g raph i t e  systems.  

E f fus ion  Study o f  Graph i t e ,  Metal Oxide and Metal Carbide Systems 

Juey Hong Rai 
Research A s s i s t a n t ,  Chemistry ( June  1 6  t o  December 15)  
Ph.D. Thes is  Research 

This  i s  a s tudy  of  s t eady  s t a t e  p re s su res  genera ted  i n  e f f u s i o n  ce l l s  by 
t h e  i n t e r a c t i o n  of  metal oxides  with g r a p h i t e  and by t h e  i n t e r a c t i o n  of  metal 
oxides  and metal c a r b i d e s .  
i n  c h a r a c t e r i z i n g  t h e  composition and thermodynamic p r o p e r t i e s  o f  t h e  s o l i d  
phases  produced and/or  t h e  k i n e t i c  p r o p e r t i e s  of t h e  r e a c t i o n s  which occur .  

I t  i s  hoped t h a t  t h i s  in format ion  w i l l  be  of  va lue  

For  t h e  p a s t  s i x  months work has  c e n t e r e d  mainly on t h e  MgO + C ,  Zr02 + C 
and MgO + Z r C  r e a c t i o n s .  The MgO + C r e a c t i o n  does n o t  proceed r a p i d l y  enough 
t o  main ta in  t h e  t o t a l  p r e s s u r e  of  Mg and CO i n  t h e  r e a c t a n t s  and products .  
CaF2 i s  observed t o  have a c a t a l y t i c  e f f e c t ;  5% CaF2 i n  t h e  p e l l e t i z e d  equimolar  
mixture  of  MgO and g r a p h i t e  r a i s e s  the  t o t a l  p r e s s u r e  by a f a c t o r  o f  about  f i v e  
b u t  va lues  are s t i l l  n e a r l y  a f a c t o r  of t e n  less than  t h e  p r e d i c t e d  equ i l ib r ium 
p r e s s u r e s .  The e a r l y  exper imenta l  r e s u l t s  of  Hollahan on t h e  Zr02-graphi te  
r e a c t i o n  have been v e r i f i e d  i n  new experiments .  Addi t ion  of small amounts of  
CaF2 does n o t  change t h e  CO s teady  s t a t e  e f f u s i o n  p r e s s u r e s  i n  t h i s  system. 
MgO is observed t o  react w i t h  Z r C ;  Mg(g) and CO(g) are produced wi th  e f f u s i o n  
p r e s s u r e s  i n  t h e  measurable range i n  t h e  v i c i n i t y  of 1500OK. Again t h e  t o t a l  
p r e s s u r e s  developed i n  e f f u s i o n  cells  are not as h igh  as expec ted  from thermo- 
dynamic p r o p e r t i e s  of ZrC,  but  are c l o s e r  ( w i t h i n  a f a c t o r  of about  t e n )  t h a n  
ob ta ined  i n  t h e  Zr02-C r e a c t i o n .  

Considerably more work is needed t o  v e r i f y  and ex tend  t h e  r e s u l t s  of t h e s e  
p re l imina ry  s t u d i e s  o f  t h e  r e a c t i o n  between MgO and Z r C .  
s t a r t i n g  composi t ions of  t h e  Z r C  phase w i l l  be  of  p a r t i c u l a r  i n t e r e s t .  Compari- 
son of s t e a d y  s ta te  p r e s s u r e s  developed by i n t e r a c t i o n  of  MgO with t h e  Z r C  phase 
produced i n  p rev ious  e f f u s i o n  c e l l  Zr02-graphi te  r e a c t i o n s  w i t h  t h a t  of Z r C  
phases  prepared  and c h a r a c t e r i z e d  by o t h e r  methods may provide  a b a s i s  f o r  con- 
c l u s i o n s  about t h e  s i m i l a r i t y  o f  t hese  phases .  I t  i s  hoped t h a t  Z r C  phases  of 
vary ing  oxygen con ten t  and of varying Z r / C  composi t ion can be intercompared i n  
t h i s  way. 

The effect  o f  d i f f e r e n t  
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CALORIMETRIC INVESTIGATION OF CERAMIC AND E L A T E D  MATERIALS 

Barry D .  L i c h t e r  
Assoc ia t e  P r o f e s s o r ,  Me ta l lu rg ica l  Engineering 

The o b j e c t i v e s  are t h e  cons t ruc t ion  of a high-temperature  diphenyl-  
e t h e r  drop c a l o r i m e t e r  and t h e  s tudy of h e a t  c a p a c i t y  and h e a t s  of  t r a n s -  
format ion  of ceramic and re la ted materials. 

High-Temperature Drop Calor imetry 

Hugo W .  Schimmelbusch 
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing ( June  1 6  t o  December 1 5 )  
M.S. Thes is  Research 

The c o n s t r u c t i o n  of t h e  ca lo r ime te r  h a s  been completed. The c a l o r i m e t e r  
c o n s i s t s  o f  t h e  fol lowing:  drop mechanism, v e r t i c a l  high tempera ture  tube  
fu rnace ,  upper and lower g a t e s ,  ca lo r ime te r  v e s s e l - f i n  assembly, vacuum-inert 
gas  v a l v i n g  system, sample weigh equipment, c o n s t a n t  tempera ture  b a t h ,  fu rnace  
c o n t r o l  and sample temperature  measuring equipment,  and i n e r t  gas  p u r i f y i n g  
t r a i n .  

C a l o r i m e t r i c  i n v e s t i g a t i o n  of  non-s to ich iometr ic  Zrc has  been i n i t i a t e d .  
One of t h e  r e s u l t s  w i l l  be t o  o b t a i n  t h e  h e a t  c a p a c i t y  as a f u n c t i o n  of composi- 
t i o n  a t  va r ious  tempera tures  and t o  ob ta in  informat ion  on i t s  d e f e c t  
s t r u c t u r e .  
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THERMODYNAMICS OF TERNARY CERAMIC PHASE DIAGRAMS 

Gerald W .  Toop 
A s s i s t a n t  P r o f e s s o r ,  M e t a l l u r g i c a l  Engineer ing 

The o b j e c t  of t h i s  i n v e s t i g a t i o n  is t o  a t tempt  t o  p r e d i c t  phase 
boundar ies  i n  t e r n a r y  phase diagrams us ing  t h e  thermodynamic p r o p e r t i e s  
of t h e  b i n a r y  systems. 

Ternarv Ceramic Phase Diagrams 

Dong Nyung Lee 
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing 
M .  S. Thes is  Research 

This  work a p p l i e d  a method of c a l c u l a t i o n  t o  t e r n a r y  systems i n v o l v i n g  
r e f r a c t o r y  metal oxides  and c a r b i d e s  f o r  which b ina ry  thermodynamic d a t a  was 
a v a i l a b l e .  
t e r n a r y  d a t a  was t o  assemble a three-d imens iona l  model of  t h e  t e r n a r y  i n t e g r a l  
molar f r e e  energy of mixing s u r f a c e .  
determined by apply ing  a t angen t  plane t o  t h e  model. 

I t  was found t h a t  a promising way of d i s p l a y i n g  and ana lyz ing  t h e  

The phase boundar ies  could  t h e n  be  

F u r t h e r  development of t h e  theory showed t h a t  two o f  t h e  t h r e e  terms i n  
t h e  r e g u l a r  s o l u t i o n  equa t ion ,  used in  t h e  c a l c u l a t i o n s ,  became g e n e r a l  and 
r i g o r o u s  nea r  each pure component i n  any t e r n a r y  system. This  i n d i c a t e d  t h a t  t h e  
method should  g i v e  e x c e p t i o n a l  r e s u l t s  i n  t e r n a r y  systems i n  which one of t h e  
components was p r e s e n t  as a major c o n s t i t u e n t .  

The work i n  t h i s  area has been te rmina ted  due t o  P r o f e s s o r  TOOP'S r e s i g n a -  
t i o n  from t h e  f a c u l t y .  

Dong Nyung Lee rece ived  an M.S. i n  M e t a l l u r g i c a l  Engineer ing ,  December 1967.  
Thes is  t i t l e :  "P red ic t ion  of Isothermal  Ternary Phase Diagrams Using Binary 
Thermodynamic Data, If 
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Z I R C O N I U M  O X I D A T I O N  

Thomas F. Archbold 
A s s i s t a n t  P r o f e s s o r  

This  r e sea rch  p r o j e c t  is i n v e s t i g a t i n g  t h e  c h a r a c t e r i s t i c s  and 
mechanisms of t h e  i n i t i a l  s t a g e s  o f  o x i d a t i o n  of z i rconium metal. 
ox ide  c r y s t a l  s t r u c t u r e  and metal-oxide o r i e n t a t i o n  r e l a t i o n s h i p s  a r e  t o  
be determined as a func t ion  of oxygen p a r t i a l  p r e s s u r e  and t empera tu re .  

The 

Zirconium Oxidat ion 

L. P.  S r i v a s t a v a  
P r e d o c t o r a l  Assoc ia te ,  M e t a l l u r g i c a l  Engineer ing (June 1 6  t o  December 15) 
Ph . D. Thes is  Research 

The k i n e t i c s  of zirconium oxida t ion  and t h e  i d e n t i f i c a t i o n  of  ox ide  s t r u c -  
t u r e s  are be ing  i n v e s t i g a t e d .  The use of e l e c t r o n  d i f f r a c t i o n  f o r  t h e  r e l a t i v e l y  
d i f f i c u l t  s t r u c t u r e  de t e rmina t ions  and r e l a t e d  s t r u c t u r a l  c h a r a c t e r i s t i c s  was 
postponed e a r l y  i n  1967 i n  o r d e r  t h a t  a comprehensive k i n e t i c  s t u d y  could  pro- 
ceed.  A l l  of t h e  actual o x i d a t i o n  runs have been performed f o r  exposure times 
less t h a n  f i v e  minutes and a t  var ious  tempera tures  and oxygen p a r t i a l  p r e s s u r e s .  
T h e  p r e s e n t  d a t a  i n d i c a t e  t h a t ,  f o r  times less than  two minutes ,  t h e  o x i d a t i o n  
i s  p a r a b o l i c  wi th  t h e  d i f f u s i o n  of  oxygen i o n s  through t h e  ox ide  layer be ing  t h e  
r a t e - c o n t r o l l i n g  f a c t o r .  Also,  t h e  a c t i v a t i o n  energy f o r  t h e  p rocess ,  approxi-  
mately 80 Kcal/mol, is no t  a func t ion  of  t h e  oxygen p a r t i a l  p r e s s u r e .  A l l  d a t a  
i n d i c a t e  t h a t  t h e  o x i d a t i o n  mechanism changes a f t e r  va r ious  exposure times 
depending upon t h e  temperature .  The k i n e t i c s  in format ion  is now n e a r l y  complete,  
and t h e  p i c t u r e  should  be f a i r l y  complete as soon as t h e  s t r u c t u r a l  work has been 
accomplished. 
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SOLID STATE CERAMICS 

The bulk  p r o p e r t i e s  o f  some ceramic mater-als are of  prime importance 
and t h e s e  are ,  f o r  t h e  most p a r t ,  dependent upon s t r u c t u r a l  c o n s i d e r a t i o n s .  
The purpose of t h i s  r e s e a r c h  i s  t o  re la te  t h e  n a t u r e  of c r y s t a l l i n e  ceramics 
wi th  a p p r o p r i a t e  p r o p e r t i e s .  

DOMAIN DYNAMICS I N  ISOMORPHOUS FERROELECTRICS 

John L.  Bjorkstam 
P r o f e s s o r ,  E lec t r ica l  Engineer ing  

The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  is t o  develop a microscopic  model 
which e x p l a i n s  e s s e n t i a l  f e a t u r e s  o f  t h e  p o l a r i z a t i o n  r e v e r s a l  p rocess  i n  
hydrogen bonded f e r r o e l e c t r i c s  of t h e  KII2PO4 class.  

F e r r o e l e c t r i c  Domains and Domain Motion i n  KH2P04 and DK~POL, 

Richard  E .  Oettel 
P r e d o c t o r a l  Associate, Electr ical  Engineer ing ( June  1 6  t o  December 1 5 )  
Ph.D. Thes i s  Research 

S i g n i f i c a n t  r e s u l t s  have been obta ined  on t h e  tempera ture  and f i e l d  depend- 
ence of domain v e l o c i t i e s  f o r  deu te ra t ed ,  p a r t i a l l y  d e u t e r a t e d ,  and non-deutera ted  
samples of  KH2P04. These measurements are con t inu ing .  The c o o l i n g  appa ra tus  
has  been modif ied t o  provide  sample viewing and photography a t  h i g h e r  magnif ica-  
t i o n  u s i n g  a p o l a r i z i n g  microscope. 
a t  low va lues  of a p p l i e d  f i e l d  f o r  which t o t a l  domain motion is small. 

This  was necessary i n  o r d e r  t o  o b t a i n  d a t a  

I n  a d d i t i o n  t o  c o n t r i b u t i o n s  i n  unders tanding  t h e  b a s i c  microscopic  c r y s t a l  
; r :>pdr t ies  which l i m i t  t h e  swi t ch ing  r a t e  of  ferroelectr ics ,  o u r  r e s e a r c h  is 
:o;icerned w i t h  t h e  g e n e r a l  problem of domain format ion  and p o l a r i z a t i o n  r e v e r s a l  
i:. f e r r o e l e c t r i c s .  Many of t h e  proposed uses  f o r  f e r r o e l e c t r i c s  depend upon 
t i i C ' , t  I ' r o p e r t i e s .  

A paper  e n t i t l e d  "180O Domain Formation i n  F e r r o e l e c t r i c s  w i th  Shor t ed  
E lec t rodes"  by John L. Bjorkstam and Richard E .  Oet te l  was pub l i shed  i n  t h e  
1-. Ph s i ca l  - - Review, - - - 1 5 9 ( 2 ) ,  pp. 427-430, 1 0  J u l y  1367. 

A paper  e n t i t l e d  "Opt i ca l  Evidence t h a t  t h e  Low-Temperature Phase o f  Rochel le  
S a l t  is Ant ipolar"  by Richard E .  Oettel and John L .  Bjorkstam w a s  pub l i shed  i n  
t h e  B u l l e t i n  of  t h e  American Phys ica l  S o c i e t y ,  - 12(6), p.903, 1367. -- 
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STUDIES ON GASH 

Edward C .  L i n g a f e l t e r  
P r o f e s s o r ,  Department o f  Chemistry 

Louis P .  Torre 
Research A s s i s t a n t ,  Department of Chemistry ( S e p t e r h e r  1 6  t o  December 1 5 )  
Ph. D .  Thes i s  Research 

I t  is t h e  purpose of t h i s  program t o  i n v e s t i g a t e  t h e  mechanism o f  ferro- 
e l e c t r i c i t y  i n  Guanadinium Chromium S u l f a t e  Hexagydrate (GCrSII) and i t s  Aluminum 
( G A S H )  isomorph by means of x-ray c r y s t a l l o g r a p h y .  

C r y s t a l s  of both G M H  and GCrSH have been grown under v a r i o u s  c o n d i t i o n s  i n  

An e lec t r i -  
an a t t empt  t o  o b t a i n  t h i c k  c r y s t a l s .  Two c r y s t a l s  of GCrSH have been c u t  t o  a 
s ize  and shape s u i t a b l e  for x-ray work by means o f  a " so lven t  saw." 
ca l  c i r c u i t  which i s  a p p r o p r i a t e  f o r  d i s p l a y i n g  h y s t e r e s i s  l oops  of very small 
(approx.  .3x.3x.3 mm) c r y s t a l s  of GCrSH and GASH on an o s c i l l o s c o p e  h a s  been 
designed and assembled. I t  is c u r r e n t l y  b e i n g  used t o  o b t a i n  h y s t e r e s i s  loops of 
much l a r g e r  c r y s t a l s  i n  o r d e r  t o  become familiar w i t h  t h e i r  behav io r .  S o l u t i o n s  
of GASH i n  heavy water have been prepared from which l a r g e  c r y s t a l s  of d e u t e r a t e d  
GASH w i l l  be  grown f o r  u s e  by P ro fes so r  Bjorkstam i n  NMR s t u d i e s .  

I t  i s  planned t o  s t u d y  t h e  h y s t e r e s i s  loop of t h e  s p e c i f i c  c r y s t a l  o f  GCrSH 
which w i l l  be used i n  t h e  x-ray work. Th i s  c r y s t a l  w i l l  t h e n  be po led  with a 
d . c .  v o l t a g e  l a r g e  enough t o  e n s u r e  s a t u r a t i o n .  The c r y s t a l  s t r u c t u r e s  o f  t h e  
c r y s t a l  poled i n  o p p o s i t e  d i r e c t i o n s  w i l l  be  determined. The e f fec t  of exposing 
t h e  c rys ta l  t o  x-rays w i l l  a l s o  be  s t u d i e d  by obse rv ing  t h e  h y s t e r e s i s  l o o p s .  
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PHASE TOPOGRAPHY 

J e r r y  E .  Turnbaugh 
A s s i s t a n t  P ro fes so r ,  Ceramic Engineer ing 

S e l e c t e d  m i c r o s t r u c t u r a l  f e a t u r e s  common t o  ceramics are be ing  s t u d i e d  
i n  terms o f  t h e  v a r i a b l e s  l ead ing  t o  t h e i r  development. 

Phase Topography 

P e i  Sung 
P r e d o c t o r a l  Associate, Ceramic Engineer ing ( June  16 t o  August 31)  
Ph . D.  Thes i s  Research 

The purpose of t h e  p r e s e n t  work is t o  measure t h e  e q u i l i b r i u m  s o l u b i l i t y  o f  
Helium i n  U02 and t o  s tudy  t h e  growth o f  Helium bubbles  under  c o n d i t i o n s  of 
s u p e r s a t u r a t i o n .  

Helium s a t u r a t i o n  s o l u b i l i t y  and d i f f u s i v i t y  i n  U02.015 was measured ove r  
t h e  pressure- tempera ture  range of 700 t o  1300 p s i  and 1200 t o  15OO0C. The s a t u -  
r a t i o n  s o l u b i l i t y  i n c r e a s e d  w i t h  i n c r e a s i n g  p r e s s u r e  and t empera tu re  acco rd ing  
t o  t h e  p r e d i c t e d  r e l a t i o n s h i p  fo r  s t o i c h i o m e t r i c  U02 and ag reed  i n  magnitude t o  
w i t h i n  a factor of t w o .  

3 5  - _  - N i  
N w + 4  (2rnI2 k 2  e 3  - -  

Ph3 T i  kT = - I n  I n  
1 - N i  

N 

.. . 3 5  - _  - N i  
N w + 4  (2rnI2 k 2  e 3  - -  

Ph3 T i  kT = - I n  I n  
1 - N i  

N 

Here m i s  t h e  mass of hel ium atom, 8 is t h e  Debye tempera ture  of U02, P is 
p r e s s u r e ,  T is  t empera tu re ,  W is t h e  heat of s o l u t i o n ,  K i s  Boltzmann's c o n s t a n t ,  
and h is  P lanck ' s  c o n s t a n t .  
30 Kcal/mol as compared t o  a c a l c u l a t e d  He s t r a i n  energy of 5 Kcal/mol. 
d i f f u s i v i t y  could  be desc r ibed  by t h e  equa t ion :  D = 5 x 
This  low a c t i v a t i o n  energy was f e l t  t o  ref lect  He d i f f u s i o n  which was unhampered 
by d e f e c t  c l u s t e r i n g .  
factor.  The expe r imen ta l  He concen t r a t ion  vs .  time curves  of t h i s  i n v e s t i g a t i o n  
fo l lowed t h e  s p h e r i c a l  p a r t i c l e  d i f f u s i o n  equa t ions .  

The observed h e a t  of s o l u t i o n  was approximate ly  
The 

exp (-12,70O/RT). 

Inc reas ing  p res su re  i n c r e a s e d  t h e  d i f f u s i v i t y  by a g r e a t e r  

A pape r  e n t i t l e d  "Ca lcu la t ion  of t h e  Temperature-Dependent Shear  Modulus 
of U02" by J .  E .  Turnbaugh and P e i  Sung has  been accep ted  f o r  p u b l i c a t i o n  i n  
t h e  J o u r n a l  of Nuclear Materials. - 

A pape r  e n t i t l e d  t tCa lcu la t ion  of D i f f u s i v i t y  and S o l u b i l i t y  wi th  Error 
Ana lys i s  for  Dif fus ion  i n  a Sphere" by J. E .  Turnbaugh and P e i  Sung h a s  been 
accep ted  f o r  p u b l i c a t i o n  i n  t h e  Jou rna l  of Applied Phys ics  Letters. - 

1 

P e i  Sung r e c e i v e d  a Ph.D. degree i n  Ceramic Engineer ing ,  December 1357. 
Thes i s  t i t l e :  "Equi l ibr ium S o l u b i l i t y  and D i f f u s i v i t y  of Helium i n  S i n g l e - C r y s t a l  
Uranium Dioxide.  a 
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M~SSBAUER STUDIES 

J .  G .  Dash 
P r o f e s s o r ,  Department of Phys ics  

Edward A.  S t e r n  
P r o f e s s o r ,  Department of Phys ics  

Robert  L.  I n g a l l s  
Ass is tan t  P r o f e s s o r ,  Department of Physics  

Duane P. Johnson 
P r e d o c t o r a l  Research Assoc ia t e ,  Department of Phys ic s  (June 1 6  t o  August 31) 
Ph. D. Thes i s  Research 

Gerald A .  Er ickson 
P r e d o c t o r a l  Research Assoc ia t e ,  Department o f  Phys ic s  ( June  1 6  t o  December 1 5 )  
Ph . D. Thes i s  Research 

James A .  Jackobs 
Research A s s i s t a n t ,  Department of  Physics  ( June  1 t o  August 31) 
M. S . Thes i s  Research 

John R.  Nett 
Teaching A s s i s t a n t ,  Department of Physics  
Ph. D. Thes i s  Research 0 
C .  D .  West 
Teaching A s s i s t a n t ,  Department of Physics  
Ph. D. Thes i s  Research 

The o v e r a l l  o b j e c t i v e  i s  t h e  s tudy  of a tomic  bonding and l a t t i c e  dynamics 
i n  c e r t a i n  ceramic and ceramic- re la ted  sys tems,  by means of t h e  Mijssbauer e f f ec t .  
S p e c i f i c  p o r t i o n s  inc lude :  s tudy  of low tempera ture  anharmonici ty  i n  f e r r i c  and 
f e r r o u s  compounds, s tudy  of  charge s ta te  r e l a x a t i o n  fo l lowing  be ta-decay ,  h igh  
p r e s s u r e  s t u d i e s ,  and e l e c t r o n  dens i ty  d i s t r i b u t i o n s  ( cha rg ing )  i n  Ag-Sn a l l o y s .  

S e v e r a l  new sources  have been prepared  fo r  con t inu ing  experiments  on anhar -  
monic i ty  and f o r  t h e  s tudy  of charge r e l a x a t i o n .  
s t u d y  i n d i c a t e s  t h a t  t h e  exper imenta l  d e s i g n  w i l l  have adequate  s e n s i t i v i t y  f o r  
t h e  Ag-Sn a l l o y  system. 

P re l imina ry  work on t h e  cha rg ing  

An expe r imen ta l  s tudy  of  f o r c e  cons t an t s  and  anharmonici ty  i n  FeF2 and 
FeC12 h a s  been completed and a manuscript  is be ing  p repa red  f o r  p u b l i c a t i o n .  
t h e o r e t i c a l  a n a l y s i s  of t h e  e f fec ts  of anharmonici ty  on t h e  Mijssbauer spec t rum 
h a s  been submi t ted  t o  - The P h y s i c a l  Review. 
s t a t  h a s  been accepted  by Review - of S c i e n t i f i c  Ins t ruments .  

A 

A note d e s c r i b i n g  a i48ssbauer cyro-  

Duane P .  Johnson r e c e i v e d  a Ph.D. i n  Phys ics  i n  September 1967.  Thes i s  
t i t l e :  "!43ssbauer Effect of Fe5' i n  FeF2 and FeC12." 
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EFFECTS OF RADIATION UPON CERAMIC MATERIALS 

James I .  kluel ler  
Professor, Ceramic Engineer ing  

The o p t i c a l  p r o p e r t i e s  of many ceramic materials change wi th  pro longed  
exposure  t o  solar r a d i a t i o n  i n  a vacuum. An unders tanding  of t h e  mechanism 
of t h i s  p rocess  is sought  i n  terms of 1 )  mechanical  imper fec t ions  i n  t h e  
c r y s t a l ;  2 )  impur i ty  concen t r a t ions  and t h e  i n t e r a c t i o n  o f  t h e s e  i m p u r i t i e s  
w i th  c r y s t a l  imper fec t ions ;  and 3 1 ,  t he rma l  and mechanical  h i s t o r y  of t h e  
specimen. 

U l t r a - V i o l e t  Pho to lys i s  Study 

W i l l i a m  M .  Z i n i k e r  
S e n i o r  Research Associate, Ceramic Engineer ing 

Jack  K .  Merrow 
P r e d o c t o r a l  Associate, Ceramic Engineer ing ( June  1 6  t o  December 1 5 )  
Ph . D. Thes i s  Research 

Lakshmi Annapoorni 
Research A s s i s t a n t ,  Ceramic Engineer ing ( June  16 t o  December 15) 
M .  S . Thes i s  Research 

T h i s  p r o j e c t  w i l l  implement t h e  s tudy  of t h e  effects  of u l t r a - v i o l e t  r a d i a -  
t i o n  upon ceramic materials through measurements of o p t i c a l  absorbance,  reflec- 
t a n c e ¶  photoluminescence,  and thermoluminescence. P r e s e n t  work is aimed a t  t h e  
measurement o f  s p e c t r a l  thermoluminescence of MgO as a f u n c t i o n  of impur i ty  
c o n c e n t r a t i o n s  and h e a t  t r ea tmen t .  

No meaningful  d a t a  has  y e t  been ga the red ,  b u t  p r e l i m i n a r y  measurements 
i n d i c a t e d  t h e  need f o r  more c a r e f u l l y  c o n s t r u c t e d  o p t i c a l  components fo r  work 
i n  t h e  u l t r a - v i o l e t  p o r t i o n  o f  t h e  spectrum. 
been re -des igned  s o  as t o  be  amendable t o  measurements of absorbance ,  r e f l e c t a n c e ,  
and photoluminescence,  as w e l l  as thermoluminescence. All major  components 
( c r y o s t a t ,  vacuum system, monochrometers, and e l e c t r o n i c  d e t e c t i o n  equipment 1 are 
now i n  p l a c e ,  and t h e  appa ra tus  w i l l  soon be ready  for  c a l i b r a t i o n  exper iments .  

I n  a d d i t i o n ,  t h e  sample h o l d e r  h a s  

A major  p a r t  o f  t h e  work i n  t h e  f u t u r e  w i l l  undoubtedly c e n t e r  on sample 
p r e p a r a t i o n .  S ing le  c r y s t a l ,  powder, s i n t e r e d ,  and flume-sprayed samples of 
v a r i o u s  m a t e r i a l s  w i l l  be i n v e s t i g a t e d .  Simultaneous measurements of photo- 
c o n d u c t i v i t y ,  which can be  performed wi th  t h e  p r e s e n t  appa ra tus  wi thout  major 
m o d i f i c a t i o n ,  and p a r a l l e l  e l e c t r o n  s p i n  resonance  s t u d i e s  w i l l  probably a l s o  be  
u s e f u l  i n  unders tanding  t h e  e l e c t r o n i c  p r o c e s s e s  which t a k e  p l a c e  du r ing  r a d i a t i o n  
damage. 
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FERROELECTRIC MATERIALS STUDY 

Robert  J .  Campbell, Jr.  
Ass i s t an t  P r o f e s s o r ,  Ceramic Engineer ing 

The o b j e c t i v e  of t h e s e  s t u d i e s  is t h e  development of  an  e x p l a n a t i o n  of 
t h e  mechanism o f  energy s t o r a g e  i n  ferroelectr ic  materials, r e s u l t i n g  from 
disp lacement  of atoms i n  t h e  c r y s t a l  l a t t i ce .  

T i m e  Dependent P r o p e r t i e s  

Tracy L .  S c o t t  
Research A s s i s t a n t ,  Ceramic Engineer ing ( June  16  t o  September 1 5 )  
M .  S . Thes i s  Research 

Earlier work on barium t i t a n a t e  demonstrated t h e  i n f l u e n c e  of g r a i n  s i z e  on 
t h e  change of d i e l e c t r i c  cons t an t  with t i m e .  

Barium t i t a n y l  oxcilate was pyro l i zed  t o  B a T i 0 3  of 0.1~ g r a i n  s i z e .  Samples 
h o t  p r e s s e d  a t  9200 p s i  and 1175OC f o r  s i x t y  minutes  y i e l d e d  p o l y c r y s t a l l i n e  bod ies  
of 99 p e r c e n t  d e n s i t y  and 0 . 3 ~  g r a i n  s i z e .  

Samples of t h i s  material were annealed fo r  one hour  each a t  1 2 0 0 ,  1 2 5 0 ,  
1300, 1350 and 1 4 O O O C .  The r e s u l t i n g  v a r i a t i o n  o f  g r a i n  s i z e  (0 .3  t o  + l o o p )  
was c o r r e l a t e d  a g a i n s t  t h e  change of d i e l e c t r i c  c o n s t a n t  w i t h  time. The motion 
of domain walls i n s i d e  t h e  c r y s t a l s  is s e n s i t i v e  t o  t h e  s i z e  o f  t h e  g r a i n .  Aging 
ra tes  are lower i n  f i n e r  g ra ined  m a t e r i a l .  

Tracy L .  S c o t t  r e c e i v e d  a n  M.S. i n  Ceramic Engineer ing ,  December 1967. 
Thes i s  t i t l e :  "Effect of Micros t ruc ture  on t h e  Aging of Hot Pressed  Barium 
T i t a n a t e  .It 

Elec t r ica l  Conduction i n  Glass 

James W .  Vogan (Unsupported)  
P a r t - t i m e  Graduate  S tudent ,  Ceramic Engineer ing 
M.S. T h e s i s  Research 

The s tudy  of e l ec t rochemica l  p o t e n t i a l  o f  i r o n  i n  g l a s s e s  has  been l i m i t e d  
by materials t o  s t u d i e s  of  very  low oxygen p r e s s u r e s  i n  t h e  Fey  A l ,  S i ,  0 sys tem.  
Molybdenum e l e c t r o d e s  p r o t e c t e d  by an argon atmosphere are be ing  used. 

The e lec t r ica l  conduct ion shows a change of  s l o p e  a t  a tempera ture  c o r r e s -  
ponding t o  t h e  e q u i l i b r i u m  mel t ing  tempera ture  of  FeO, A l 2 O 3 ,  Si02 a t  very  low 0 2  
p r e s s u r e s .  No c r y s t a l l i n e  phases  were d e t e c t e d  by x-ray a n a l y s i s .  
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F e r r o e l e c t r i c  S t r u c t u r e  

Richard E.  Den0 (Office of Engineer ing Research)  
Research A s s i s t a n t ,  Ceramic Engineer ing 
M . S . Thes i s  Research 

The correlation of  p o l a r i z a t i o n  with mechanical  deformation of f e r r o e l e c t r i c  
p o l y c r y s t a l l i n e  materials has  reached an  appa ra tus  c o n s t r u c t i o n  s t a g e .  

A s t r a i n  cage capable  of producing compressive stress whi le  s u b j e c t i n g  t h e  
sample t o  v i b r a t o r y  stress has been completed. 

The s tudy  of t h e  effect  of mechanical deformation of f e r r o e l e c t r i c s  d u r i n g  
p o l a r i z a t i o n  has  shown t h a t  t h e r e  is an increase i n  p o l a r i z a t i o n  under  t h e  
c o n d i t i o n s  s t a t e d  above. 

Samples of a calcium, c o b a l t  s t a b i l i z e d  B a T i 0 3  were s u b j e c t e d  t o  p r e s s u r e  
and v i b r a t i o n  normal t o  t h e  faces e l e c t r o d e d  for  p o l a r i z a t i o n  wh i l e  a DC f i e l d  
was a p p l i e d .  These showed an inc reased  remenant p o l a r i z a t i o n  ove r  samples n o t  
v i b r a t e d  du r ing  p o l a r i z a t i o n .  

Richard  E .  Den0 r ece ived  an M.S. i n  Ceramic Engineer ing ,  December 1967. 
Thes i s  t i t l e :  "BaTi03 P o l a r i z a t i o n ,  Phys ica l  Acous t ic  Effects .I1 

DEFECT PROPERTIES OF I O N I C  AND CERAMIC CRYSTALS 

Thomas G.  Stoebe 
A s s i s t a n t  P r o f e s s o r ,  M e t a l l u r g i c a l  Engineer ing 

This  i n v e s t i g a t i o n  concerns t h e  growth of s i n g l e  c r y s t a l s ,  t h e  
e v a l u a t i o n  of t h e i r  d e f e c t  s t r u c t u r e  and t h e  de t e rmina t ion  of t h e  effects  
of d i f f e r e n t  d e f e c t  s t r u c t u r e s  on mechanical p r o p e r t i e s .  

Mechanical P r o p e r t i e s  of L i F  

Hira L .  Fo teda r  
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing (September 1 6  t o  December 1 5 )  
M. S . Thes i s  Research 

The mechanical  p r o p e r t i e s  of  pure LiF s i n g l e  c r y s t a l s  have been i n v e s t i -  
g a t e d  t o  determine y i e l d  stress and work hardening  rates.  
exper iments  have i n d i c a t e d  s e r r a t e d  r e l a x a t i o n  c u r v e s ,  y e t  t o  be exp la ined .  
S i n g l e  c r y s t a l s  c o n t a i n i n g  ve ry ing  amounts of  i m p u r i t i e s  are t o  be grown t o  
i n v e s t i g a t e  t h e  impur i ty  dependence of t h e  mechanical  p r o p e r t i e s .  

S t r e s s  r e l a x a t i o n  
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Mechanical P r o p e r t i e s  o f  MgO 

14. S r i n i v a s a n  
Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing (September 16 t o  December 1 5 )  
M .  S . Thes is  Research 

A l i t e r a t u r e  survey  concerning t h e  f e a s i b i l i t y  o f  MgO s i n g l e  c r y s t a l  
growth has  been completed,  and p l a n s  a r e  underway t o  develop t h e  plasma Verneu i l  
t echnique  f o r  t h i s  purpose.  
concern ing  mechanical p r o p e r t i e s  of MgO and a deformation appa ra tus  is be ing  
des igned .  

Concurrent ly ,  a l i t e r a t u r e  survey  is be ing  conducted 

I o n i c  Conduct iv i ty  S t u d i e s  

Richard Trantow 
Undergraduate Aide, M e t a l l u r g i c a l  Engineer ing 
B. S . Thes is  Research 

I o n i c  c o n d u c t i v i t y  p rov ides  an e x c e l l e n t  technique  f o r  o b t a i n i n g  informat ion  
on t h e  d e f e c t  s t r u c t u r e  of i o n i c  c r y s t a l s .  
measurements is  n e a r l y  complete and t h e  a s s o c i a t e d  e l e c t r o n i c s  f o r  bo th  A.C. 
and D.C. c o n d u c t i v i t y  de t e rmina t ions  is on hand. Experiments are t o  be con- 
ducted i n  s i n g l e  c r y s t a l s  o f  L i F  and K I  c o n t a i n i n g  va r ious  i m p u r i t i e s .  

The exper imenta l  s e t u p  f o r  such 
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SURFACE PHENOMENA 

Many p r o p e r t i e s  o f  ceramic materials are governed by t h e  c h a r a c t e r  of 
Th i s  r e s e a r c h  area t h e  g r a i n  boundar ies  of t h e  p o l y c r y s t a l l i n e  composi te .  

w a s  e s t a b l i s h e d  t o  o b t a i n  fundamental  i n fo rma t ion  r ega rd ing  t h e  chemis t ry  
and phys ic s  of t h e  s u r f a c e s  o f  ceramic materials. 

ALUMINUM O X I D E  BICRYSTALS 

W i l l i a m  D. S c o t t  
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing 

The purpose of t h i s  research  i s  t o  s t u d y  t h e  p r o p e r t i e s  o f  g r a i n  
boundar ies  i n  macroscopic b i c r y s t a l s  o f  aluminum oxide  o f  c o n t r o l l e d  
m i s o r i e n t a t i o n .  

Mechanical P r o p e r t i e s  of  Aluminum Oxide B i c r y s t a l s  

Henry Y .  B. Mar 
P r e d o c t o r a l  Associate, Ceramic Engineer ing ( June  1 6  t o  December 1 5 )  
Ph . D. Thes i s  Research 

The purpose of t h i s  p r o j e c t  is t o  produce aluminum oxide  b i c r y s t a l s  w i t h  
c o n t r o l l e d  m i s o r i e n t a t i o n  and t o  s tudy  t h e  f r a c t u r e s  which are produced from 
i n t e r n a l  stresses caused by thermal  expansion mismatch i n  c e r t a i n  b i c r y s t a l  
c o n f i g u r a t i o n s .  

P r e s s u r e  s i n t e r e d  b i c r y s t a l s  have been f a b r i c a t e d  wi th  v a r i o u s  m i s o r i e n t a t i o n s  
t o  produce the rma l  expansion mismatch r a n g i n g  from z e r o  t o  t h e  maximum p o s s i b l e  
i n  aluminum ox ide .  Spontaneous f r a c t u r e s  o r i g i n a t i n g  i n  t h e  g r a i n  boundary and 
ex tend ing  i n t o  t h e  c r y s t a l s  on e i t h e r  s i d e  have been observed i n  specimens wi th  
s u b s t a n t i a l  expansion mismatch. 
developed t o  c a l c u l a t e  with t h e  a i d  of a computer,  t h e  stress c o n c e n t r a t i o n s  
which develop  a t  d i s c o n t i n u i t i e s  such as pores  and  free edges.  
very  h igh  stresses which approach t h e  t h e o r e t i c a l  s t r e n g t h  of alumina.  
b i c r y s t a l  specimens a r e  Se ing  f a b r i c a t e d  t o  o b t a i n  n WJI-E d i rec t  comparison 
between t h e  a c t u a l  and t h e  model b i c r y s t a l s .  

A f i n i t e - e l emen t  stress a n a l y s i s  model h a s  been 

The model p r e d i c t s  
Add i t iona l  

I n t e r n a l  s t resses  from thermal  expansion mismatch are n o t  u s u a l l y  cons ide red  
t o  be s i g n i f i c a n t  i n  aluminum ox ide .  Th i s  s t u d y  shou ld  provide  in fo rma t ion  on 
t h e  t r u e  magnitude of i n t e r n a l  s t r e s s e s  as they  r e l a t e d  t o  f r a c t u r e  i n i t i a t i o n  i n  
a lumina.  
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Raymond L.  B e r t o l o t t i  
Research A s s i s t a n t ,  Ceramic Engineer ing (September 25 t o  December 1 5 )  
Ph . D . Thes i s  Research 

The purpose of t h i s  p r o j e c t  is t o  s t u d y  g r a i n  boundary s l i d i n g  i n  aluminum 
oxide  by s u b j e c t i n g  g r a i n  boundar ies  i n  aluminum oxide  b i c r y s t a l s  t o  pure  s h e a r  
l oad ing  a t  e l e v a t e d  tempera tures .  

One of t h e  pr imary mechanisms of p o l y c r y s t a l l i n e  deformation a t  h igh  temp- 
e r a t u r e  i s  thought  t o  be g r a i n  boundary s l i d i n g .  The k i n e t i c s  of t h i s  p r o c e s s  
and t h e  r e l a t i o n s h i p  of  boundary s l i d i n g  t o  d i s l o c a t i o n  motion i n  t h e  c r y s t a l s  
a d j a c e n t  t o  t h e  boundary w i l l  b e  i n v e s t i g a t e d  i n  p r e s s u r e  s i n t e r e d  b i c r y s t a l s  
of  c o n t r o l l e d  m i s o r i e n t a t i o n .  

Pore Growth and Pore Removal i n  Grain Boundaries o f  Aluminum Oxide 

W i l l i a m  D .  S o c t t  
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing 

The purpose of t h i s  p r o j e c t  i s  t o  s tudy  t h e  formation and subsequent  removal 
o f  p o r e s  l o c a t e d  on g r a i n  boundar ies  i n  aluminum oxide  b i c r y s t a l s ,  and t o  re la te  
t h i s  po re  behav io r  t o  s i n t e r i n g  and d i f f u s i o n  i n  aluminum oxide .  

Pore growth and t h e  development of  cont inuous  channel  pore  s t r u c t u r e s  are 
be ing  s t u d i e d  i n  b i c r y s t a l s  and p o l y c r y s t a l s  of aluminum ox ide .  S e l e c t e d  areas 
o f  b i c r y s t a l  boundar ies  are be ing  photographed and t h e  po re  s t r u c t u r e  fol lowed 
as a f u n c t i o n  of annea l ing  t i m e  a t  185OOC. The a n n e a l  t i m e  i s  now a t  130 hours  
and p r e s e n t l y  is  be ing  c a r r i e d  o u t  i n  48-hour increments .  

Impur i ty  Di f fus ion  i n  MgO Under t h e  In f luence  of  an E l e c t r i c  F i e l d  

Ches t e r  A .  Hinman 
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineer ing ( June  1 6  t o  December 15 )  
Ph . 1). Thes i s  Research 

The purpose of t h i s  p r o j e c t  is  t o  i n v e s t i g a t e  t h e  d i f f u s i o n  of n i c k e l  i n  
BY us ing  t h e  microprobe t o  MgO a t  high tempera ture  and i n  an e l e c t r i c  f i e l d .  

measure t h e  d r i f t  o f  t h e  d i f f u s i o n  p r o f i l e  i n  a sandwich d i f f u s i o n  coup le ,  one 
can o b t a i n ,  wi th  t h e  h e l p  of o t h e r  bulk d i f f u s i o n  d a t a ,  t h e  m o b i l i t y  and effec- 
t i v e  change of t h e  n i c k e l  i o n s .  
d i f f u s i o n  mechanism. 

Information can a l so  be ob ta ined  on t h e  

S e v e r a l  d i f f u s i o n  runs  on sandwich Mg0-Ni0-Mg0 couples  have been c a r r i e d  
o u t  a t  1450OC and 50 t o  200 v o l t  cm-’  f i e l d .  The r e s i s t i v i t y  dec reases  wi th  t i m e  
and is non-ohmic and anomalous movement of t h e  n i c k l e  l a y e r  was observed.  A t  t h e  
p r e s e n t  t i m e ,  t h e  c o n d u c t i v i t y  of  pure MgO c r y s t a l s  i s  be ing  s t u d i e d  t o  e s t a b l i s h  
b a s i c  c o n d u c t i v i t y  mechanisms be fo re  impur i ty  d i f f u s i o n  s t u d i e s  are cont inued .  
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Interfacial  Energ ies  o f  Aluminum Oxide B i c r y s t a l s  

James F. Shackel ford  
Research A s s i s t a n t ,  Ceramic Engineer ing ( June  16 t o  September 1 5 )  
M.S. Thes i s  Research 

The purpose of t h i s  p r o j e c t  is t o  de te rmine  t h e  r e l a t i v e  i n t e r f a c i a l  g r a i n  
boundary e n e r g i e s  i n  aluminum oxide  by measuring t h e  p r o f i l e  of the rma l ly  
e t c h e d  boundar ies .  

The r e l a t i v e  i n t e r f a c i a l  energy h a s  been measured f o r  a series of symmetric 
t ilt  boundar ies  w i th  m i s o r i e n t a t i o n s  from 0 t o  180O. A s t e e p l y  r i s i n g  energy 
a t  low ang les  and a broad p l a t e a u  of cons t an t  i n t e r f a c i a l  energy were observed.  
A c a l c u l a t i o n  o f  boundary energy  based on t h e  t h e o r e t i c a l  model o f  J .  C. M. L i  
gave good agreement wi th  expe r imen ta l  r e s u l t s .  Su r face  d i f f u s i o n  c o e f f i c i e n t s  
were determined from t h e  k i n e t i c s  of thermal  grooving.  
d a t a  o f  p rev ious  i n v e s t i g a t o r s  on small a n g l e  boundar ies  i n  nominal s i n g l e  c r y s t a l  
a lumina.  

The r e s u l t s  s u b s t a n t i a t e d  

A paper  e n t i t l e d  "Re la t ive  Energies  of T i l t  Boundaries i n  Aluminum Oxide," 
was p r e s e n t e d  a t  t h e  American Ceramic S o c i e t y ,  Pacific Coast Regional  Meeting, 
November 1967, and is  be ing  s u b m i t t e d  f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of t h e  
American Ceramic S o c i e t y .  

James F. Shackel ford  r e c e i v e d  an M.S. i n  Ceramic Engineer ing ,  August 1967. 
Thes i s  t i t l e :  "Re la t ive  Energ ies  o f  [IOlO] T i l t  Boundaries i n  Aluminum Oxide .'I 

The Effect of MgO Impur i ty  on Re la t ive  I n t e r f a c i a l  Energy i n  Alumina 

M i  chae 1 i%it son ( Unsupported 1 
P a r t - t i m e  Graduate S tuden t ,  Ceramic Engineer ing 
$1. S . T h e s i s  Research 

The purpose of t h i s  p r o j e c t  is t o  measure t h e  effect  of t h e  p re sence  of 
MgO on t h e  g r a i n  boundary energy of  alumina and t o  c o r r e l a t e  t h i s  e f f e c t  w i th  
c u r r e n t  t h e o r i e s  of s i n t e r i n g  i n  alumina. 

Bicrjjstals have been f a b r i c a t e d  with and wi thou t  MqO doping i n  t h e  boundary. 
The boundar ies  have been the rma l ly  e tched  i n  a i r  and measurements of the rma l  groove 
r o o t  a n g l e s  are be ing  made. 
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ELECTROMAGNETIC FIELDS FROM DIELECTRIC LOADED APERTURES 

H. Myron Swarm 
P r o f e s s o r ,  Electr ical  Engineer ing  

I r e n e  C.  Peden 
Associate P r o f e s s o r ,  Electr ical  Engineer ing 

James C .  Rogers 
P r e d o c t o r a l  Associate, Electr ical  Engineer ing  ( June  16 t o  J u l y  15) 
Ph.D. Thes i s  Research 

The purpose of t h i s  p r o j e c t  is t o  d e f i n e  methods of e l ec t romagne t i c  horn 
p a t t e r n  shap ing  which are s u i t a b l e  f o r  ceramic materials. 

T h i s  work w i l l  supplement prev ious  expe r imen ta l  and t h e o r e t i c a l  work which 
r e s u l t e d  i n  master of s c i e n c e  t h e s i s  e n t i t l e d  "Dielectric Loading of an  E l e c t r o -  
magnet ic  Horn." 

T h i s  e f f o r t  has  been concerned with easier methods of o b t a i n i n g  a d e s i r e d  
d i e l e c t r i c  v a r i a t i o n  a c r o s s  t h e  horn  a p e r t u r e  and f u r t h e r  work on t h e  effects  
of t h e  shape  of t h e  d i e l e c t r i c  loaded  a p e r t u r e  upon t h e  r a d i a t i o n  p a t t e r n .  
Exper imenta l  work t o  determine t h e  th i ckness  of t h e  load ing  material r e q u i r e d  
f o r  s a t i s f a c t o r y  p a t t e r n  shap ing  has  been completed.  

SURFACE DIFFUSION 

J e r r y  E .  Turnbaugh 
A s s i s t a n t  P r o f e s s o r ,  Ceramic Engineer ing 

Edward H. Randklev 
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineer ing ( June  16 t o  December 15) 
Ph . D. Thes i s  Research 

The purpose of t h e  p r o j e c t  is t o  measure s u r f a c e  d i f f u s i o n  c o e f f i c i e n t s  i n  
o r d e r  t o  o b t a i n  informat ion  upon t h e  s t u r u c t u r e  and chemical  n a t u r e  of t h e  s u r -  
face of ceramic materials. 

Cons t ruc t ion  of appa ra tus  and survey o f  l i t e r a t u r e  are con t inu ing .  P r e -  
l i m i n a r y  c a l c u l a t i o n s  based on l i t e r a t u r e  d a t a  i n d i c a t e  t h a t  t h e  sys tem Al2O3- 
C r 2 O 3  is expe r imen ta l ly  s a i t a b l e .  
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PROCESSING 

Research i n  t h i s  area is  in tended  t o  ga in  in fo rma t ion  r e l a t i v e  t o  t h e  
effect  of p r o c e s s i n g  v a r i a b l e s  upon t h e  micro- and macro - s t ruc tu re  of 
ceramic materials and upon t h e i r  r e s u l t a n t  p r o p e r t i e s .  

CERAMIC PROCESSING 

0. J . Whittemore, Jr. 
Associate P r o f e s s o r ,  Ceramic Engineer ing 

I n i t i a l  S t ages  of S i n t e r i n g  

J .  Joseph S i p e  
P r e d o c t o r a l  Associate, Ceramic Engineer ing ( June  16 t o  December 1 5 )  
Ph.D. T h e s i s  Research 

Ralph Hawks, Jr. 
Undergraduate Aide,  Ceramic Engineer ing 

The o b j e c t i v e  of  t h i s  p r o j e c t  i s  t o  s tudy  t h e  i n i t i a l  s t a g e s  of s i n t e r i n g  
where po re  growth occur s .  This  phenomenon has  Seen shown t o  occur  du r ing  t h e  
s i n t e r i n g  of s e v e r a l  ceramic m a t e r i a l s  and it a l s o  h a s  been shown t h a t  it may 
occur  s imul t aneous ly  wi th  sh r inkage .  
whether  pore  growth occur s  g e n e r a l l y  and i ts  c o n t r o l l i n g  mechanisms. 

Aux i l i a ry  o b j e c t i v e s  a r e  t o  de te rmine  

Experiments con t inue  on t h e  i n i t i a l  s i n t e r i n g  of f e r r i c  oxide  and inc lude  
p r e p a r a t i o n  of samples f o r  e l e c t r o n  microscopy t o  conf i rm t h e  d a t a  ob ta ined  by 
mercury poros imet ry .  Cons idera t ion  is a l s o  be ing  g iven  t o  w e t t i n g  a n g l e  
measurements. A "Sorbet" s u r f a c e  a rea  appa ra tus  has  been purchased which should  
p rov ide  d a t a  on surface area changes du r ing  s i n t e r i n g  as an  independent  confirma- 
t i o n  of mercury poros imet ry  measurements. 

C h a r a c t e r i s t i c s  of Plasma-Sprayed Oxides 

The paper  e n t i t l e d  " S t r u c t u r a l  Changes on Reheat ing Plasma-Sprayed Alumina" 
by Vere S .  Thompson and 0. J .  Whittemore, Jr:has been reviewed and approved f o r  
p u b l i c a t i o n  i n  t h e  B u l l e t i n  -- of  t h e  American Ceramic S o c i e t y .  
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C h a r a c t e r i z a t i o n  and Forming 

Douglas J. Calkins  
P redoc to ra l  Assoc ia t e ,  Ceramic Engineering ( June  16 t o  September 1 5 )  
Ph.D. Thes is  Research 

Daniel  Leiser 
P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineer ing ( June  16 t o  December 15) 
Ph.D. Thes is  Research 

The o b j e c t i v e s  of t h i s  p r o j e c t  a r e  t o  s tudy  ceramic forming methods and t o  
c o r r e l a t e  c h a r a c t e r i z a t i o n  of p a r t i c l e s  and agglomerates  wi th  forming and sub- 
sequent  product  p r o p e r t i e s .  P re sen t  a c t i v i t i e s  a r e  be ing  devoted t o  t h e  s tudy  
of compaction. 

A p a r t i c l e  d i s c r i m i n a t o r  w a s  cons t ruc t ed  which re jects  e l l i p t i c a l  g l a s s  
p a r t i c l e s  from samples of g l a s s  spheres .  After c a r e f u l  r e s c r e e n i n g  t o  e x a c t  
s i z e s ,  t h e  d i s c r i m i n a t o r  is be ing  used t o  p repa re  uniform material which w i l l  
be compacted under  c o n t r o l l e d  p re s su re  and ra te  i n t o  compaction c e l l s .  Pore 
s i z e  d i s t r i b u t i o n s  w i l l  t hen  be  measured t o g e t h e r  wi th  p a r t i c l e  s i z e  a n a l y s i s  
a f t e r  compaction. 
expres s ion  f o r  t h e  compaction p rocess .  

From these t e s t s ,  it is hoped t o  d e r i v e  a more n e a r l y  exac t  

Compaction s t u d i e s  have been made a t  v a r i o u s  compaction rates of s i n g l e  
s i z e s  o f  fused  magnesia (cube shaped) ,  fu sed  m u l l i t e  ( r e c t a n g u l a r  pr ism 
shaped) ,  fu sed  alumina ( i r r e g u l a r  s p h e r i c a l l y  shaped) ,  and g l a s s  sphe res .  
Fac to r s  have been computed f i t t i n g  these  d a t a  t o  a s t a t i s t i ca l  equa t ion  assuming 
t h e  two p rocesses  t o  be cons idered  a re  rearrangement  and f r a c t u r e .  

0 
A p a p e r  e n t i t l e d  " Inf luence  of  Rate and Par t ic le  S i z e  on Par t ic le  Compaction" 

by D .  B. Leiser and 0. J .  Whittemore, Jr .  was p resen ted  a t  t h e  Pacific Coast 
Regional  Meeting of  t h e  American Ceramic S o c i e t y ,  San F ranc i sco ,  C a l i f o r n i a ,  
November 2 ,  1967.  

Development of E l e c t r i c a l  P o r c e l a i n  from Pacif ic  Northwest Materials 

Donald Wakekamper (Edward Orton Jr. Ceramic Foundation Fe l lowship)  
Research A s s i s t a n t ,  Ceramic Engineering 
M .  S . Thes is  Research 

The o b j e c t i v e  of  t h i s  p r o j e c t  is t o  develop electrical  p o r c e l a i n s  u t i l i z i n g  
ceramic raw materials from t h e  P a c i f i c  Northwest. 
w i l l  be  r e l a t e d  with t h e  r e s u l t a n t  p r o p e r t i e s  of t h e  p o r c e l a i n s .  

P r o p e r t i e s  o f  t h e  raw materials 

Lake Wenatchee, Washington f e ldspa r  and Lane M t . ,  Washington s i l i ca  fines 
were m i l l e d  and s u b s t i t u t e d  i n  a t y p i c a l  p o r c e l a i n  body t o g e t h e r  with Ione ,  
C a l i f o r n i a  k a o l i n .  Various " s p l i t s "  o f  t h e  Lane M t .  s i l i c a  i n  t h e  micron range  
were a l s o  s u b s t i t u t e d  t o  no te  t h e  e f f e c t  of s i l i c a  s i z i n g  on p r o p e r t i e s .  F i r s t  
t r i a l s  had s a t i s f a c t o r y  e l e c t r i c a l  p r o p e r t i e s  bu t  were somewhat porous.  
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MECHANICAL AND PHYSICAL PROPERTIES OF FLAME SPRAYED Z r C  COATING AND SUBSTRATE a 
Col in  J .  Sandwith 
A s s i s t a n t  P r o f e s s o r ,  Mechanical Engineering 

James D.  Danberg 
Research A s s i s t a n t ,  Mechanical Engineer ing (September 25 t o  December 1 5 )  
M .  S . Thes is  Research 

T h i s  i n v e s t i g a t i o n  i s  t o  determine microhardness and bond s t r e n g t h s  and t o  
des ign  and apply  a new test  of  mechanical p r o p e r t i e s  o f  Z r C  plasma flame- 
sprayed  c o a t i n g s .  

The l i t e r a t u r e  review i n d i c a t e s  t h a t  c u r r e n t  bond s t r e n g t h  t e s t  v a r i a b l e s  
q u a n t i f y  and d e f i n e  only ultimate s t r e n g t h s .  
s ta t i s t ics  and a mul t i t ude  o f  specimens t o  p r e d i c t  t r e n d s  i n  b r i t t l e  materials. 
To avo id  t h i s  it is planned t o  use an i n f r a r e d  or u l t r a s o n i c  n o n d e s t r u c t i v e  
t e s t  t o  examine specimens be fo re  and a f t e r  d e s t r u c t i v e  t e s t i n g .  
supplemented wi th  metal lography,  should permi t  a n a l y s i s  and d e s c r i p t i o n  of t h e  
f a i l u r e ,  r a t h e r  t han  ob ta in ing  only the  s t r e n g t h  va lue  o f  each specimen. 
d i f f e r e n t i a l  equa t ions  which desc r ibe  t h e  most promising i n f r a r e d  thermography 
t e s t  have been de r ived .  I t  has  only r e c e n t l y  been e s t a b l i s h e d  t h a t  i n s t rumen t s  
and procedures  have been commercially developed f o r  a similar test .  

This  l i m i t a t i o n  demands t h e  u s e  of 

This  procedure,  

The 

Z r  powder f o r  flame sp ray ing  has  been o rde red ,  t e n s i l e  bond s t r e n g t h  t es t  
specimens have been f a b r i c a t e d ,  and three d i f f e r e n t  materials, WqC, A l 2 O 3 ,  and 
n i c k e l  a luminide ,  have been flame sprayed f o r  comparison purposes .  
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EFFECT OF LANTHANUM D O P I N G  UPON BARIUM TITANATE 

James I .  Mueller 
P r o f e s s o r ,  Ceramic Engineer ing 

Ronald P. Burley (Na t iona l  Lead Co. Fel lowship)  
Research Fellow, Ceramic Engineer ing  
M . S . Thes is  Research 

Th i s  i n v e s t i g a t i o n  was i n i t i a t e d  t o  determine t h e  effects of p rocess ing  
parameters  such as t ype  o f  lanthanum a d d i t i v e ,  f i r i n g  tempera ture  and furnace  
atmosphere upon t h e  micro- and macro-propert ies  of  barium t i t a n a t e .  

The work was completed du r ing  the  r e p o r t  p e r i o d  and a l l  d a t a  suppor ted  
t h e  conclus ion  t h a t  t h e  lanthanum dopant forms a s o l i d  s o l u t i o n  wi th  barium 
t i t a n a t e .  I n d i c a t i o n s  were t h a t  A-site vacancies  were formed and no ev idence  
was found of  second phase format ion .  
of  t h e  s o l i d  s o l u t i o n  material occurred r e a d i l y  and was r e v e r s i b l e .  

I t  appeared t h a t  o x i d a t i o n  and r e d u c t i o n  

Mr. Burley completed t h e  M.S. i n  Ceramic Engineer ing ,  August 1967. Thes is  
t i t l e :  "Micros t ruc ture  E f f e c t s  on Semiconductive Barium T i t a n a t e  Ceramics .It 

CHARACTERIZATION OF FOKSTERITE PORCELAINS 

James I.  Mueller  
P r o f e s s o r ,  Ceramic Engineer ing 

Roger Hanson (Tekt ronix  Fe l lowship)  
Research Fel low,  Ceramic Engineer ing  
M. S . Thes i s  Research 

T h i s  research has  j u s t  been i n i t i a t e d  t o  a s c e r t a i n  t h e  effects  o f  v a r i o u s  
p r o c e s s i n g  parameters  upon t h e  na tu re  and p r o p e r t i e s  of  f o r s t e r i t e  p o r c e l a i n s .  
A l i t e r a t u r e  review has  been completed and exper imenta l  work is be ing  out l ineci .  
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APPENDIX A - 1  

D i s t r i b u t i o n  of Projects Within t h e  Univers i ty  According t o  Research Areas 

Academic Department 

Chemistry 

Ceramic Engineer ing  

Electr ical  Engineer ing  

Mechanical Engineer ing  

Metallurgical 

Phys ics  

Engineer ing  

Number of 
Projects 

2 

1 5  

2 

1 

5 

1 

TOTAL 26 

Zr-0-C 

1 
4 

3 

- 
8 

S o l i d  
S t a t e  

2 

1 

8 
- 

Sur face  

6 

1 

Process  

- 
2 

APPENDIX A-2 

Number of S tuden t s  and Facul ty  Involved i n  Research Supported by Grant Funds 

Number of 
Pro  j e c t  s Academic Department 

Chernis t r y  2 

Electr ical  Engineer ing  2 

Mechanical Engineer ing  1 

Engineer ing  5 

Phys ics  1 

Ceramic Engineer ing  1 5  

M e t a l l u r g i c a l  

- 
TOTAL 26 

Research Under T o t a l  
Facul ty  Facu l ty  Grads MS Ph.D. Grads ---- 

- 2 2 2 - 
5 2 1 4 1 2  16 

- 2 2 3 

1 - 1 -  1 

- - 

4 1 4 1  5 

- 1 2 3 3 - 

18 2 2 10 1 9  29 
- - - - -  - 
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APPENDIX B 

Ceramic Mate r i a l s  Research Seminars 

"Ceramic-Reinforced Composites" 
Mr. S. W .  B r a d s t r e e t ,  Technica l  Consul tan t ,  Dayton, Ohio 

"The S t r e n g t h  of Ni-Base Supera l loys"  
D r .  S. M. Copley, Advanced Materials Research and Development Labora tory ,  P r a t t  
and Whitney Aircraft, Middletown, Connect icu t  

"Mechanical P r o p e r t i e s  of Alumina" 
D r .  Ar thu r  H .  Heuer, Case I n s t i t u t e  of Technology, Cleve land ,  Ohio 

" O p t i c a l  and ESR S t u d i e s  of  Trapped E lec t rons  i n  Alka l ine  E a r t h  Oxides" 
D r .  James C. Kemp, Assoc ia t e  P ro fes so r ,  Department of P h y s i c s ,  U n i v e r s i t y  of 
Oregon, Eugene, Oregon 

" I n t e r a t o m i c  Distance from X-ray Absorption Fine S t r u c t u r e "  
Mr. F. L y t e l ,  Boeing S c i e n t i f i c  Research L a b  

"Thermal Expansion Anisotropy Induced F r a c t u r e  i n  Alumina B i c r y s t a l s "  
M r .  Henry Y .  B. Mar, P r e d o c t o r a l  Research Assoc ia t e ,  Ceramic Engineer ing  

" E l e c t r o n  I r r a d i a t i o n  S t r eng then ing  i n  Metals and Alloys" 
D r .  M.  Meshii ,  Department o f  Materials Sc ience ,  The Technologica l  I n s t i t u t e ,  
Northwestern Un ive r s i ty  

" E l e c t r o n i c  Band S t r u c t u r e  and Oxygen P o t e n t i a l  i n  t h e  System Zr-C-0" 
Mr. Alan D. Miller, P r e d o c t o r a l  Assoc ia te ,  Ceramic Eng inee r ing  

"Review of  Ceramic Materials Research Program" 
D r .  James I. Mueller,  P r o f e s s o r  of  Ceramic Engineer ing  

"Equi l ibr ium S o l u b i l i t y  of  Helium i n  S ing le -Crys t a l  Uranium Dioxide" 
Mr. P e l  Sung, P r e d o c t o r a l  Assoc ia t e ,  Ceramic Engineer ing  

"Mechanical Tests o f  Flame Sprayed Coatings" 
D r .  Co l in  J .  Sandwith, A s s i s t a n t  P ro fes so r  o f  Mechanical Engineer ing  

" C a l o r i m e t r i c  I n v e s t i g a t i o n  of Z r C "  
M r .  Hugo W .  Schimmelbusch, Research A s s i s t a n t ,  M e t a l l u r g i c a l  Engineer ing  

"F-F1 Photoconversion Experiments i n  Add i t ive ly  Colored CaO" 
D r .  W i l l i a m  M .  Z i n i k e r ,  S e n i o r  Research Assoc ia t e ,  Ceramic Engineer ing  
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APPENDIX C 

Theses Publ i shed  

"M6ssbauer Effect of FeS7 i n  FeF2 and FeC12" 
(Duane P. Johnson)  Ph.D., Department of Phys ics  

" P r e d i c t i o n  of I so thermal  Ternary Phase Diagrams Using Binary Thermodynamic Data" 
(Dong Nyung Lee) M.S., M e t a l l u r g i c a l  Engineer ing 

" E l e c t r o n i c  Band S t r u c t u r e  and Oxygen P o t e n t i a l  i n  t h e  Zr-C-0 System" 
(Alan D. Miller) Ph.D., Ceramic Engineer ing 

"Effect of Mic ros t ruc tu re  on t h e  Aging of Hot-Pressed Barium T i t a n a t e "  
(Tracy L. S c o t t )  M.S., Ceramic Engineer ing 

"Re la t ive  Energ ies  of [io10 1 T i l t  Boundaries i n  Alumina" 
(James F. Shackel ford)  M.S., Ceramic Engineer ing 

"Equi l ibr ium S o l u b i l i t y  and D i f f u s i v i t y  of Helium i n  S ing le -Crys t a l  Uranium 
Dioxide" ( P e i  Sung) Ph.D., Ceramic Engineer ing 
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APPENDIX D 

Papers  Publ i shed:  

"180O Domain Formation i n  F e r r o e l e c t r i c s  w i th  Shor ted  E lec t rodes , "  John L.  
Bjorkstam and Richard E .  Oettel, P h y s i c a l  Review, - 1 5 9 ( 2 ) ,  pp. 427-430, 
( 10 J u l y  1967) .  

"Op t i ca l  Evidence t h a t  t h e  Low-Temperature Phase of  Rochel le  S a l t  is 
Ant ipo la r , "  Richard  E .  Oettel  and John L.  Bjorkstam, B u l l e t i n  of t h e  
American P h y s i c a l  Soc ie ty ,  2 ( 6 ) ,  p .  902 (19C7). 

-- 

Papers  Accepted for  P u b l i c a t i o n :  

"Ca lcu la t ion  of t h e  Temperature-Dependent Shear  Modulus of UOg," J.  E .  
Turnbaugh and P e i  Sung, J o u r n a l  of Nuclear  Materials. 

"Ca lcu la t ion  of  D i f f u s i v i t y  and S o l u b i l i t y  wi th  Error Analys is  fo r  

- 

Diffus ion  i n  a Sphere," J.- E. Turnbaugh and P e i  Sung, J o u r n a l  - of Applied 
Phys ics  Letters.  

" S t r u c t u r a l  Changes on Reheat ing Plasma-Sprayed Alumina," Vere S. Thompson 
and  0. J .  Whittemore, Jr.,  B u l l e t i n  o f  t h e  American Ceramic Soc ie ty .  -- 

Papers  Submit ted f o r  P u b l i c a t i o n :  
a 

"Re la t ive  Ene rg ie s  of  T i l t  Boundaries i n  Aluminum Oxide," James F. 
Shacke l fo rd  and W .  D. S c o t t ,  J o u r n a l  of t h e  American Ceramic S o c i e t y .  -- 

Papers  Presented :  

" In f luence  o f  Rate and Par t ic le  Size on P a r t i c l e  Compaction," D .  B. Leiser 
and 0. J .  Whittemore, J r . ,  P a c i f i c  Coast  Regional  Meeting of t h e  American 
Ceramic S o c i e t y ,  San F ranc i sco ,  C a l i f o r n i a ,  November 2,  1967. 

"Ceramic Materials Research a t  t he  U n i v e r s i t y  o f  Washington," J .  I.  Mueller ,  
0. J .  Whittemore, Jr., W .  D .  S c o t t  and A .  D .  Miller, 13 th  Meeting of t h e  
Refractory Composites Working Group, S e a t t l e ,  Washington, J u l y  19 ,  1967. 

"Re la t ive  Energ ies  of T i l t  Boundaries i n  Aluminum Oxide," James F. 
Shackel ford  and W .  D .  S c o t t ,  P a c i f i c  Coast Regional  Meeting of t h e  American 
Ceramic S o c i e t y ,  San F ranc i sco ,  C a l i f o r n i a ,  November 1967. 

"Ceramic Materials Research a t  the Un ive r s i ty  of Washington," J .  I .  Muel le r ,  
Annual Meeting of t h e  P a c i f i c  Northwest Ceramic Assoc ia t ion ,  Spokane, 
Washington, October  1967. 
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APPENDIX E 

CERAMIC MATERIALS RESEARCH PROGRAM REVIEW 
November 6-7, 1967 

The success  of  t h e  program review i n  November 1966, t o  which r e p r e -  
s e n t a t i v e s  of government and i n d u s t r i a l  r e s e a r c h  o r g a n i z a t i o n s  were i n v i t e d ,  
l e d  t o  a similar type  program t h i s  year .  
i n d i v i d u a l s  i n  a l l  f e d e r a l  agenc ie s  and t o  o f f i c i a l s  of  t h e  P a c i f i c  Coast 
ceramic i n d u s t r y ,  aerospace  i n d u s t r y  and non-p ro f i t  r e sea rch  o r g a n i z a t i o n s .  

I n v i t a t i o n s  were s e n t  t o  a p p r o p r i a t e  

The morning program each day was devoted t o  10-15 minute b r i e f i n g s  
by t h e  f a c u l t y  r e sea rch  s u p e r v i s o r s .  During t h e  a f t e rnoons ,  t h e  a t t e n d e e s  
v i s i t e d  t h e  va r ious  f a c u l t y  members i n  t h e i r  l a b o r a t o r i e s  and d i s c u s s e d  t h e i r  
r e s e a r c h  i n  d e t a i l .  

Favorable  r e a c t i o n  was rece ived  r e l a t i v e  t o  t h i s  t ype  o f  p r e s e n t a t i o n  
wi th  most o f  t h e  a t t e n d e e s  i n d i c a t i n g  t h e i r  p l e a s u r e  i n  be ing  a b l e  t o  observe  
and d i s c u s s  on-going r e s e a r c h  r a t h e r  than  having t o  exper ience  t h e  normal 
de l ays  involved  i n  p r e s e n t a t i o n  and p u b l i c a t i o n .  

SUMMARY OF ATTENDEES 

V i s i t o r s  1 7  
Facul ty  Superv isors  15 
Un ive r s i ty  Adminis t ra tors  3 

I n d u s t r y  
Ceramic 
Aerospace 
Other  

Fede ra l  Agencies 
NASA 
NBS 
USBM 

Non-Profit  Research 

Washington 

1 
7 
- 

1 

9 

- 

D i s t r i b u t i o n  by S t a t e  
Oregon C a l i f o r n i a  D. C. 

- 2 
1 - 

1 - 1 

3 3 2 

T o t a l  

3 
8 
2 

1 
1 
1 

1 

17 

- 
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APPENDIX F 

Number of Advanced Degrees Received by S tuden t s  Supported by t h e  Program 

The fo l lowing  is  a t a b u l a t i o n  of t h e  number of r e c i p i e n t s  of graduate  

The f i g u r e s  do n o t  i nc lude  s t u d e n t s  who are c u r r e n t l y  i n  
degrees  by academic d i s c i p l i n e  who have been f u l l y  or p a r t i a l l y  suppor ted  by 
program funding. 
r e s idence .  

Academic D i s c i p l i n e  

Atmospheric Sc iences  

Ceramic Engineer ing  

Chemistry 

M e t a l l u r g i c a l  
Engineer ing  

Phys ics  a 

M.S. Degrees 

Par t ia l  Support  F u l l  Support  

1 

5 1 2  

- 

4 - 

Ph . D. Degrees 

Par t ia l  Support  F u l l  Support  

2 

1 

2 

TOTAL 17 5 
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APPENDIX G 

D i s t r i b u t i o n  

M r .  F r a n c i s  Smith 
Office o f  U n i v e r s i t y  Affairs 
NASA 
Washington, D.  C. 20546 

M r .  James 3. Gangler 
Office of Advanced Research and 

NASA 
Washington, D.  C .  20546 

Technology 

Mr. Char l e s  A. Hermach 
A m e s  F l i g h t  Center  
NASA 
Moffe t t  F i e l d ,  C a l i f o r n i a  94035 

Mr . John Buckley 
Langley Research Center  
NASA 
Langley S t a t  i o n  
Hampton, V i r g i n i a  23365 a 
Mr. Eldon E .  Mathauser 
Langley Research Center  
NASA 
Langley S t a t i o n  
Hampton, V i r g i n i a  23365 

D r .  H .  B. P robs t  ( 2 )  
L e w i s  F l i g h t  Center  
NASA 
Cleve land ,  Ohio 44135 

D r .  P h i l i p  C la rk in  
Electronic Research Laboratory 
NASA 
575 Technology Square 
Cambridge, Massachusetts 02139 

A. G. Eubank 
Goddard Space F l i g h t  Cen te r  
NASA 
G r e e n b e l t ,  Maryland 20771 

D r .  Henry Frankel  
Goddard Space F l i g h t  Cen te r  
NASA 
Greenbe l t ,  Maryland 20771 

M r .  Robert  E .  Johnson 
Materials Technology Branch 
Systems Eva lua t ion  and Development 

Manned Space Cen te r  
NASA 
Houston, Texas 77058 

Div i s ion  

M r .  James E.  Kingsbury 
Marsha l l  Space F l i g h t  Cen te r  
NASA 
H u n t s v i l l e ,  Alabama 35812 

M r .  Howard E.  Martens 
NASA, J P L  
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 

P r o f e s s o r  H .  E .  Rorschach, Jr. 
Department o f  Phys ics  
Rice U n i v e r s i t y  
Houston, Texas 77001 

D r .  Stephen E .  Weiberley 
Dean of  t h e  Graduate School 
Rensse l ae r  Po ly techn ic  I n s t i t u t e  
Troy, New York 12180 

D r .  E .  S c a l a  
P r o f e s s o r  Materials and Meta l lurgy  
Department o f  Engineer ing  Phys ics  and 

Materials Sc iences  
211 Bard Hall, Corne l1  U n i v e r s i t y  
I t h a c a ,  N e w  York 14850 

Thomas D. McGee 
P r o f e s s o r ,  Department o f  Ceramic 

Iowa S t a t e  U n i v e r s i t y  
110  Engineer ing  Annex 
A m e s ,  Iowa 50010 

Eng inee r ing  
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D r .  R .  M.  Thomson, D i r e c t o r  
Materials Science Div is ion  
Advanced Research P r o j e c t s  Agency 
Pentagon 
Washington, D ,  C .  20546 

D r .  John Barrett 
Chemical Branch, DDR6E 
Department of  Defense 
Washington, D ,  C .  20301 

L t .  Col. Louis Kl inker  
Army Research Office 
Office Chief of  Research E Development 
Department o f  t h e  Army 
Washington, D. C .  20546 

D r .  H .  M .  Davis, Head 
Metal lurgy Branch 
U.S. Army Research Office 
Box CM, Duke S t a t i o n  
Durham, North Caro l ina  27706 

D r .  W .  G.  Rauch, Act ing Head 
Metal lurgy Branch 
Materials Science Div is ion  
Office of Naval Research 
Washington, D. C. 20360 

b 

a 
Major R.  Houidobre, U.S.A.F. 
S o l i d  S t a t e  Sc iences ,  AFOSR 
1400 Wilson Boulevard 
Ar l ing ton ,  V i r g i n i a  22209 

Colonel  L.  R .  S t a n d i f e r ,  USAF 
D i r e c t o r ,  A i r  Force Materials 

Wright-Pat terson A i r  Force Base 
Ohio 45433 

Laboratory 

M r .  L.  N .  H j e l m  

2400 E l  Segundo Boulevard 
E l  Segundo, C a l i f o r n i a  

S S D - S STRT 

D r .  I .  Warshaw 
Div i s ion  o f  Engineer ing  
N a t i o n a l  Sc ience  Foundation 
Washington, D.  C .  20550 

D r .  Al len  F r a n k l i n  
Na t iona l  Bureau o f  S tandards  
Washiongton, D. C. 20234 

D r .  Gordon K. Teal, D i r e c t o r  
I n s t i t u t e  f o r  Materials Research 
Na t iona l  Bureau of  S tandards  
Washington, D. C. 20234 

D r .  D. K .  S tevens ,  Assoc ia t e  D i r e c t o r  
f o r  Materials 

Div is ion  of Research 
Atomic Energy Commission 
Washington, D. C .  20545 

D r .  Earl T.  Hayes, Science and 
Engineer ing  Advisor 

Bureau o f  Mines 
Department of  t h e  I n t e r i o r  
Washington, D.  C. 20240 

M r .  H a l  J. Kelly 
Department of t h e  I n t e r i o r  
United S t a t e s  Bureau of Mines 
Albany, Oregon 97321 

D r .  George S. S c h a i r e r ,  Vice-pres ident  
Research and Development 
The Boeing Company 
S e a t t l e ,  Washington 98124 

M r .  George E .  Hughes ( 2 )  
Mail S top  15-22 
The Boeing Company 
S e a t t l e ,  Washington 98124 

M r .  L. R.  McCreight, Manager 
Materials Sc iences  S e c t i o n  
Space Sc iences  Laboratory 
Miss i l e  and Space Div i s ion  
General  Electr ic  Company 
Box 8555 
P h i l a d e l p h i a ,  Pennsylvania  19101 

D r .  George Martin 
Program Manager 
North American Avia t ion  
4125 Mur ie t t a  Avenue 
Sherman Oaks, C a l i f o r n i a  91403 



40 

D r .  Sherman Brown 
Rocketdyne Div i s ion  
North American Av ia t ion  
6633 Canoga Avenue 
Canoga Park,  C a l i f o r n i a  91303 

D r .  Seymore Blum 
I l l i n o i s  I n s t i t u t e  of  Technology 

Research I n s t i t u t e  
1 0  West 35th S t r e e t  
Chicago, I l l i n o i s  60616 

D r .  H .  B.  P r o p s t  
L e w i s  F l i g h t  Center  
NASA 
Cleve land ,  Ohio 

D r .  George Kendall  
Aerospace Corpora t ion  
E l  Segundo, C a l i f o r n i a  90245 
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